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WATER  COOLING  APPLIANCES  IN  USE  AT  A MODERN 
BLAST  FURNACE  PLANT. 

Wherever  high  temperatures  are  necessary  for  the  reduction 
of  ores  and  the  melting  of  the  metal  and  cinder  formed  by  the 
process  a difficulty  is  encountered;  for  the  materials  of  which 
we  make  the  vessels  and  appliances  with  which  the  process  is 
carried  forward  are  themselves  liable  to  fusion,  or  at  least  to  a 
gradual  disintegration,  from  the  effects  of  their  long  exposure  to 
such  great  heat. 

Some  method  must  be  adopted  to  prevent  or  retard  this 
destruction,  and  among  other  devices  recourse  has  been  had  to 
water  cooling.  Not  only  is  it  necessary  to  protect  the  brick- 
work, but  such  parts  of  a furnace  and  its  equipment  as  tuyeres, 
valve  seats,  and  valves  for  hot  gases,  and  the  hot  blast  must  also 
be  cooled  with  water  to  preserve  them  from  the  warping  action 
of  the  heat  on  the  planed  surfaces.  Wherever  there  is  danger 
from  overheating,  water  cooling  has  been  found  a great  advan- 
tage, and  in  the  case  of  tuyeres  and  similar  appliances  that  come 
in  contact  with  the  hot  metal  or  cinder  it  is  imperative.  We 
propose  here  to  describe  such  apparatus  of  this  nature  as  is  used 
at  this  plant.  No  elaborate  description  will  be  attempted,  nor 
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has  any  effort  been  made  to  give  a theory  or  theories  for  the 
action  of  such  devices.  We  will  divide  these  appliances  into  the 
following  classes: 

Bosh  plates. 

External  jackets  with  coils. 

Tuyeres  and  cooler. 

Valve  cooling  apparatus. 

The  vertical  section,  Fig.  I,  shows  the  crucible  and  bosh  of 
one  of  our  standard  furnaces.  The  location  of  all  the  cooling 
devices  in  use  about  the  furnace  may  be  seen  from  the  various 
sections  given. 

The  bosh  plates  I,  I,  I,  are  of  the  type  shown  by  Fig.  5,  and 
consist  of  hollow  blocks  of  bronze,  through  which  water  circu- 
lates. This  water  carries  away  the  heat  transmitted  from  the 
interior  of  the  furnace  so  rapidly  that  a comparatively  low 
temperature  is  maintained  in  the  brickwork  in  the  immediate 
vicinity  of  the  plate.  They  are  built  in  the  bosh  wall  in  courses, 
there  being  usually  five,  at  such  distances  apart  that  the  cooling 
range  of  one  plate  shall  not  fail  to  extend  in  all  directions  to  the 
area  affected  by  those  adjoining  it.  These  distances  are  deter- 
mined by  practical  experience.  It  has  been  found  that  when  in 
courses  24"  above  one  another,  and  with  10"  to  12"  between 
successive  plates  of  a course,  good  results  are  obtained.  The 
arrangement  (Sec.  A)  of  plates  in  a course  may  be  seen  in  Fig.  1, 
and  the  position  of  the  courses  in  the  vertical  section. 

We  have  in  use  four  types  of  plates  of  this  character.  Fig.  2 
is  a cast-iron  plate  or  block  into  which  are  cast  pieces  of 
wrought-iron  pipe  which  serve  as  passages  for  the  cooling  water. 
The  inlet  is  a.  The  water  passes  first  through  the  pipe  near  the 
inner  edge,  a is  connected  by  a union  with  c so  as  to  return  the 
water  through  the  second  or  outer  pipe  to  the  outlet  b.  This 
outlet  is  often  connected  with  the  inlet  of  a plate  adjoining  it, 
for  the  water  is  rarely  ever  heated  more  than  a few  degrees  in  its 
passage  through  a plate.  In  fact,  with  these  water  cooling 
appliances  the  difference  in  temperature  of  the  inflow  and  outflow 
is  seldom  known  to  exceed  50  F.  Bosh  plates  are  made  to  con- 
form to  the  arc  of  the  circular  wall  into  which  they  are  to  be 
built.  The  plate  is  laid  with  its  edge  flush  with  the  outside  of 
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the  wall  and  the  width  is  such  as  to  keep  at  least  4 y2"  and 
sometimes  9"  between  the  inner  edge  and  the  interior  of  the 
furnace.  Usually  the  plate  is  2)4,/  thick,  so  that  it  may  be 
built  in  a regular  course  of  brick. 

The  plate,  Fig.  2,  is  employed  at  present  to  a very  limited  ex- 
tent, more  efficient  types  having  taken  its  place.  These  new  types 
are  made  of  bronze  for  several  reasons.  Bronze  is  a better  con- 
ductor of  heat  and  therefore  the  transfer  of  heat  to  the  water  is 
more  rapid  than  with  iron.  Being  a better  conductor,  there  is 
much  less  danger  of  overheating  and  losing  the  plate.  Lastly, 
the  amount  paid  by  dealers  in  scrap  is  much  greater  for  bronze 
than  for  iron  when  taken  as  the  percentage  of  first  cost.  Cast-iron 
plates  with  wrought-iron  coils  have  therefore  made  way  for  the 
bronze  plate,  and  Fig.  3 is  one  of  the  first  types  which  came  into 
use.  It  will  be  readily  seen  that  there  are  two  passages  for  water 
connected  in  the  same  way  as  those  of  Fig.  2.  It  will  be  noticed 
that  one  passage  is  much  smaller  than  the  other.  The  inner  pas- 
sage is  contracted  so  that  the  velocity  of  the  water  will  be  great 
where  the  heat  is  most  intense  and  thus  make  it  impossible  for 
any  water  to  lie  stagnant,  besides  giving  a large  quantity  of  water 
in  a given  time  to  each  unit  of  surface  exposed. 

Fig.  4 is  a plate  used  in  the  brickwork  of  the  crucible  or  well, 
placed  between  the  tuyeres  and  at  the  same  level.  The  water 
surface  is  very  great,  being  almost  that  of  the  whole  plate.  Fig.  5 
is  a bosh  plate  of  a rather  peculiar  design.  It  is  made  wedge 
shape,  making  it  easily  withdrawn  and  replaced.  It  has  a single 
broad  passage,  which  is  supported  by  studs  against  the  weight  of 
brick  above  it.  The  plate  is  laid  with  the  top  horizontal  to  pre- 
vent any  air  from  accumulating  in  the  point,  c Fig.  5,  and  by  pre- 
venting contact  with  the  water,  allowing  the  plate  to  burn.  Single 
passage  plates  are  more  economical  than  the  double  passage 
type,  for  with  the  latter  it  is  customary,  when  the  inner  passage  is 
injured,  to  shut  off  the  water  and  allow  it  to  burn  away,  using 
only  the  outer  course.  This  involves  a great  loss  of  metal,  and 
since  this  metal  is  bronze  the  expense  is  great.  The  bronze  walls 
of  the  plates  vary  from  five-sixteenths  to  three-fourths  of  an  inch 
in  thickness,  the  average,  however,  being  three-eighths  of  an 
inch.  No  class  of  plates,  however,  is  entirely  free  from  leaks, 
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due  either  to  flaws  in  the  metal  opened  up  by  the  heat  or  to  the 
walls  being  corroded  by  the  action  in  the  furnace  to  such  an  ex- 
tent as  to  allow  liquid  cinder  or  iron  trickling  down  to  come  in 
contact  with  the  edge  of  the  plates  and  in  time  burn  them. 

A leakage  is  at  once  detected  by  the  escape  of  gas  with  the 
overflow  from  that  plate  and  also  by  the  decrease  in  the  amount 
of  overflow.  To  prevent  the  water  flowing  into  the  furnace  the 
head  to  which  the  water  in  the  plate  is  subjected  is  reduced  by 
directing  the  overflow  into  the  gutter  2,  Fig.  I.  Sometimes  the 
heat  that  produces  the  leak  will  in  time  so  melt  the  metal  down 
as  to  close  it.  Should  the  plate  be  burnt  beyond  repair,  it  is 
removed  from  the  bosh  and  a new  plate  inserted.  Before  a new 
plate  is  put  in  the  water  connections  are  made,  so  that  there 
shall  be  no  danger  of  burning  it  during  the  time  that  would 
elapse  after  it  is  in  position  until  it  is  connected  with  the  water 
pipes.  There  is  a disadvantage  in  the  use  of  bosh  plates  claimed 
by  the  opponents  of  this  practice.  Where  the  cooling  effect  is 
least  the  wear  is  the  greatest.  The  brickwork  is  worn  away 
between  the  courses  of  plates,  so  as  to  produce  a wavy  line, 
which  hinders  the  even,  downward  path  of  the  stack.  By  keep- 
ing the  plates  at  the  distance  apart  that  we  do,  these  irregularities 
have  not  affected  the  running  appreciably.  If  we  keep  the  whole 
body  of  the  brickwork  equally  cool  we  will  have  a uniform  wear. 
Bosh  jackets,  Fig.  6,  have  been  used  for  this  purpose  and  also 
as  an  additional  safeguard  on  furnaces  where  there  is  danger  of 
a “ breakout  ” from  the  use  of  a mixture  that  has  a very  corro- 
sive action,  or  where  the  temperatures  used  are  very  high,  as, 
for  example,  on  spiegel  and  ferro-manganese  furnaces.  This 
jacket  is  built  of  wrought-iron  or  steel  plates  and  bands,  I,  I,  I, 
Fig.  6,  riveted  together,  and  to  its  interior  are  secured  coils  of 
wrought-iron  pipe.  These  consist  of  twelve  straight  sections  of 
pipe,  2,  2,  2,  Fig.  6,  connected  by  Abends,  3,3,3,  Fig.  6,  the 
inlets  and  outlets  extending  below  the  edge  of  jacket  to  facilitate 
connection  with  the  water  pipes.  There  are  eight  of  these  coils, 
making  in  all  96  sections  of  pipe  1 in  diameter  placed  about 
5"  apart.  This  jacket  is  suspended  from  the  mantel-plate  of  the 
furnace  and  the  brickwork  is  built  up  within  it  close  to  the  coils, 
the  space  around  the  coils  being  filled  with  brickdust  and  mineral 
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wool.  The  thickness  of  the  wall  in  this  case  is  less  than  in  the 
other  furnaces,  for  it  has  been  found  useless  to  build  the  wall  of  a 
greater  thickness  than  that  to  which  it  would  eventually  wear 
before  being  stopped  by  the  cooling  action  of  the  jacket. 

In  time  these  coils  become  burnt,  corroded,  and  leaky,  so  that 
the  water  has  to  be  shut  off,  and  were  it  not  for  another  device 
the  walls  of  the  bosh  might  become  overheated  and  fail.  To 
supplement  the  action  of  the  coils  or  to  fill  their  place  when  they 
are  destroyed,  a spray  pipe,  which  encircles  the  upper  part  of 
the  jacket,  is  employed  to  throw  water  upon  the  outer  surface, 
which,  streaming  down  the  plates  of  the  sides,  keeps  them  and 
the  brickwork  on  their  interior  cool.  The  circular  trough  4, 
Fig.  6,  at  the  base  of  the  jacket,  catches  the  water  and  outlets 
are  provided  to  carry  it  away.  The  arrangement  of  the  spray 
pipe  is  shown  by  5,  Fig.  6 and  Fig.  7.  This  pipe  is  divided  into 
a number  of  sections,  so  that  any  part  of  the  jacket  may  be 
sprayed  as  necessity  requires. 

It  is  not  the  bosh  only  that  requires  cooling.  The  well  or 
crucible  must  be  protected,  particularly  the  upper  part  in  the 
neighborhood  of  the  tuyeres,  which  is  subjected  to  the  highest 
temperature  occurring  in  the  process.  This  is  done  by  means  of 
the  plates,  Fig.  4,  and  the  coolers,  Fig.  10,  and  3,3,  Fig.  1,  Sec.  B, 
are  of  service  in  this  direction.  The  crucible  proper,  in  which  are 
contained  the  cinder  and  iron,  is  cooled  by  the  jacket  4,4,  Fig.  1. 
This  is  made  up  of  sections  of  cast-iron  plates  with  wrought-iron 
coils  cast  in  them.  Fig.  8 gives  a single  section.  This  jacket  re- 
sembles the  surface  of  a frustrum  of  a cone,  the  object  of  this  con- 
struction being  that  as  the  brickwork  of  the  hearth  and  well  ex- 
pands, instead  of  bursting  the  jacket,  it  will  ease  itself  by  slipping 
up  on  the  outside  wall  of  the  well.  The  angle  of  the  jacket  is 
about  750.  The  sections  of  the  jacket  are  secured  to  one  another 
by  links  which  fit  over  the  lugs  1 ,1,1,  Fig.  8,  of  two  adjacent  plates, 
and  the  jacket  is  encircled  by  two  wrought-iron  bands,  77,  Fig.  1, 
as  an  additional  precaution. 

Openings  are  made  for  the  tapping  hole  and  cinder  notch,  these 
being  cast  in  separate  special  sections.  The  coils  of  two  adjoin- 
ing sections  are  coupled  together.  The  brickwork  of  the  floor  is 
built  around  the  lower  part  of  the  jacket  so  as  to  form  a gutter  2, 
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Fig.  i,  and  into  this  a part  of  the  overflow  is  directed  and,  sur- 
rounding the  jacket,  helps  to  keep  it  cool.  The  plates  of  the  jacket 
are  of  cast  iron  thick.  The  coils  are  made  of  heavy 

wrought-iron  i y^"  pipe.  The  vertical  height  of  the  jacket  is 
about  6 feet.  The  bronze  tuyere  through  which  the  hot  blast  is 
supplied  for  the  combustion  of  the  coke  is  subjected  to  the  most 
severe  service  of  any  of  the  cooling  devices  about  the  furnace,  and 
special  precautions  must  be  taken  to  prevent  its  destruction.  The 
water  supplied  to  it  is  of  higher  pressure  than  is  used  on  the 
plates,  etc.,  40  lbs.  per  square  inch  being  carried  in  the  tuyere  feed 
pipe,  while  20  pounds  per  square  inch  is  sufficient  for  ordinary 
uses.  The  high  pressure  in  the  case  of  tuyeres  is  intended  to  act 
as  a safeguard  against  any  deposit  forming  in  the  tuyere  or  in  case 
of  any  obstruction  to  force  it  out,  for  should  a stoppage  occur  but 
for  a moment  the  tuyere  would  be  immediately  burnt  out. 

Referring  to  Fig.  9,  it  will  be  seen  that  to  the  inlet  a is  screwed 
a piece  of  brass  pipe  which  directs  the  water  well  toward  the  end 
of  the  tuyere.  This  gives  the  benefit  of  the  cold  water  where  it 
is  most  needed  and  prevents  its  immediate  escape  by  the  outlet  b, 
to  which  it  would  otherwise  go  as  the  shortest  way  out.  Good 
circulation  is  thus  insured  and  very  little  trouble  is  experienced 
with  burnt  tuyeres.  However,  in  case  of  a burnt  tuyere,  removal 
is  rendered  easy  by  having  the  tuyere  fit  into  a metal  seat  on  the 
cooler  (see  Fig.  10).  This  cooler  of  bronze,  Fig.  10,  is  similar  to 
the  tuyere  in  the  method  of  cooling  employed.  Its  object  is  to 
provide  a permanent  and  durable  seat  for  the  tuyere,  as  near  the 
interior  of  the  furnace  as  possible. 

For  the  cinder  notch  a somewhat  similar  arrangement  has  been 
adopted.  It  consists  of  three  parts,  known  as  the  monkey  (Fig. 
12),  monkey  cooler  (Fig.  13),  and  cinder  brest  or  cast-iron  cooler 
(Fig.  14).  The  monkey  and  its  cooler  are  of  bronze.  The  mon- 
key has  a nozzle  about  2 inches  in  diameter  and  through  this 
passes  all  the  cinder  flushed  between  casts.  Fig.  15  gives  the 
relative  position  of  the  parts  of  the  cinder  notch,  and  section  c, 
Fig.  1,  shows  its  position  in  the  wall  of  the  furnace  crucible.  To 
supply  water  for  these  appliances  and  to  carry  away  the  overflow, 
the  combination  pipe  and  trough  e,  Fig.  1,  is  used.  It  is  made 
up  of  cast-iron  sections,  which  together  encircle  the  furnace.  The 
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lower  part,  5,  contains  the  feed  water  and  6,  the  the  upper  part, 
is  an  open  trough  into  which  the  overflow  pipes  discharge.  The 
bottom  is  pierced  with  holes  from  which  lead  the  inlet  pipes  for 
the  plates,  etc.  The  outlet  pipes  run  up  above  the  trough,  where 
they  are  bent  down  to  deliver  the  water  into  it.  The  tuyere  feed 
is  separate  and  consists  of  a wrought-iron  pipe  with  cast-iron 
branches  fitted  at  the  proper  intervals. 

We  come  finally  to  the  water  cooling  appliances  in  use  on  the 
hot-blast  stoves.  These  are  the  chimney  and  hot  blast  valves. 
The  chimney  valve  (Fig.  16)  is  a combination  of  water  cooling 
and  air  cooling.  The  coils  1,1, 1,1,  are  cast  in  the  body  and  one  of 
these  cools  the  valve  seat  with  water.  The  draught  induced  by 
the  stack  sucks  air  in  at  a , it  passes  down  the  stem  and  discharges 
into  the  hollow  gate  or  disc,  absorbs  its  heat,  after  which  it  es- 
capes through  the  holes  b,b,  to  the  stack. 

The  hot-blast  valve  (Fig.  17)  is  entirely  water  cooled.  The 
valve  and  its  stem  are  shown  in  detail  by  Fig.  18.  The  inlet  water 
carried  by  a hose,  to  allow  of  vertical  movement  to  the  valve,  is 
admitted  at  a and  follows  the  course  indicated  by  the  arrows,  dis- 
charging finally  through  the  outlet  b,  where  it  is  conveyed  by  a 
hose  to  the  waste  pipe.  Both  valve  and  stem  are  of  cast  iron,  the 
central  inlet  being  wrought-iron  pipe.  The  valve  seat  I,  Fig.  17 
is  made  of  bronze.  This  seat  is  shown  in  larger  scale,  Fig.  19. 
The  heads  of  the  valve  chamber  are  a, a, — b,b,  steel  rings  riveted 
to  these  neads,  c,c,  the  bronze  valve  seat — d,d,  the  actual  seat  or 
surface  in  contact  with  valve  e,e,  the  water  passage,  and  fzndg, 
the  inlet  and  outlet  respectively. 

In  order  to  prevent  leakage  between  the  ring  b and  the  flange 
of  the  seat  c in  contact  with  it,  this  upper  steel  ring  b is  provided 
with  slotted  pockets  for  T headed  bolts,  which  fit  in  correspond- 
ing slots  in  the  flange  of  the  seat  and  allow  of  these  two  surfaces 
being  firmly  pressed  together.  The  seating  of  the  valve  tends  to 
push  these  surfaces  apart.  These  bolts  prevent  this.  The  upper 
half  of  the  top  view  (Fig.  19)  shows  the  pockets  and  slots  in  the 
steel  ring  b and  the  lower  half  of  the  corresponding  slots  in  the 
top  flange  of  valve  seat. 

The  lower  ring  is  made  to  bear  on  the  lower  flange  of  the  seat 
by  means  of  the  key  bolts  2,  Fig.  17. 
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In  conclusion  it  should  be  mentioned  that,  notwithstanding  the 
advantages  arising  from  cooling  devices,  yet  many  of  these  appli- 
ances would  be  comparatively  worthless  were  not  the  suction 
pipe  of  the  supply  pump  provided  with  a fine  mesh  screen,  for  fish 
entering  would  clog  the  pipes  supplying  the  bosh  plates,  an  acci- 
dent which  has  been  found  in  several  cases  to  be  the  immediate 
cause  of  their  being  burnt. 

Francis  du  Pont  Thomson,  ’90. 


NOTES  ON  BOILER  WATERS  AND  ON  THE  INCRUSTATIONS 
RESULTING  FROM  THEIR  USE. 

All  natural  waters  contain  more  or  less  mineral  matter,  acquired 
by  contact  with  the  earth’s  surface  and  by  percolation  through  its 
soil  and  rocks.  This  mineral  matter  is  partly  in  solution  and 
partly  in  a state  of  suspension.  The  ratio  of  the  two  varies  a great 
deal,  and  is  dependent  on  the  character  and  source  of  the  water, 
and  on  the  state  of  the  weather  and  other  local  reasons.  In  gen- 
eral, however,  it  may  be  stated  that  spring  water,  well  water, 
creeks,  etc.,  contain  much  more  matter  in  solution  than  lake  and 
and  river  water.  Lake  waters  are  usually  pure.  River  waters 
vary  much  in  composition,  as  in  the  course  of  their  journey  to  the 
sea  many  kinds  of  earth  are  passed  over.  They  rarely  contain 
more  than  eight  grains  of  mineral  matter  per  gallon  in  solution, 
but  the  amount  in  suspension  is  variable.  The  reverse  of  this  is 
true  of  spring  and  well  waters,  as  they  have  been  filtered  by  per- 
colation through  various  strata  and  are  consequently  low  in  sus- 
pended matter,  but  high  in  their  contents  of  mineral  ingredients 
in  solution.  This  is  not  often  less  than  ten  grains  per  gallon  and 
under  certain  circumstances  may  rise  enormously  above  this  limit. 

The  mineral  matter  in  solution  consists  mainly  of  calcium  car- 
bonate, magnesium  carbonate,  calcium  sulphate,  oxide  of  iron, 
alkalies,  and  silica.  The  solids  in  suspension  usually  consist  of 
clay,  sand,  and  vegetable  matter.  There  are  sometimes  varying 
amounts  of  other  substances  in  solution,  but  those  just  mentioned 
comprise  almost  entirely  the  boiler  incrusting  ingredients. 
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As  the  water  in  the  steam  boiler  becomes  concentrated,  the  or- 
der of  depostion  of  these  impurities  is  as  follows : 

(1)  Calcium  carbonate. 

(2)  Calcium  sulphate. 

(3)  Oxide  of  iron  and  magnesia. 

(4)  Silica  and  alumina,  usually  with  more  or  less  organic  matter. 

(5)  Alkaline  salts. 

Calcium  carbonate  is  the  first  to  deposit,  as  it  is  held  in  solution 
by  the  excess  of  carbon  dioxide  dissolved  in  the  water,  which  is 
expelled  by  mere  boiling,  leaving  the  greater  part  of  the  calcium 
carbonate  insoluble.  At  the  temperature  and  pressure  ordinarily 
reached  in  boilers  it  may  be  regarded  as  entirely  insoluble.  It 
deposits  (especially  when  in  large  excess)  as  a loose,  white,  amor- 
phous powder,  which  readily  forms  a sludge  with  the  water.  This 
will  remain  soft  for  a considerable  length  of  time  and  when  not 
exposed  to  too  high  a temperature,  while  emptying  or  drying  the 
boiler,  will  be  converted  into  a fine,  flowery  powder  of  a light 
color.  If  the  boiler  be  blown  out  while  the  plates  and  brickwork 
in  the  flues  are  at  a high  temperature,  the  sludge  becomes  baked 
hard  A considerable  amount  of  incrustation  from  both  calcium 
carbonate  and  sulphate  may  be  directly  traced  to  this  cause. 

Calcium  sulphate  has  its  greatest  solubility  at  95 0 F.,  when  it 
dissolves  in  393  parts  of  water.  The  solubility  gradually  de- 
creases with  an  increase  in  temperature  or  pressure.  At  21 2°  F. 
it  is  soluble  in  460  parts  of  water,  at  a temperature  of  25 5 0 F., 
or  a pressure  of  30  pounds,  its  solubility  is  diminished  three- 
fourths,  and  in  water  under  pressure'  and  at  a temperature  of 
290°  F.  it  is  completely  insoluble.  Both  calcium  sulphate  and 
calcium  carbonate  are  completely  precipitated  merely  by  the 
elevation  of  the  temperature  of  the  water  when  the  boiler  is 
worked  at  60  pounds  pressure.  If  these  substances  are  allowed 
to  separate  slowly  from  the  water,  they  become  partially  crystal- 
line and  possess  the  power  inherent  with  all  similar  crystalline 
precipitates,  of  firmly  adhering  to  the  boiler  surface.  If  their 
rapid  precipitation  is  effected,  they  separate  in  an  amorphous,  non- 
adherent form  which  may  be  easily  removed  from  the  boiler. 
The  incrustation  preventatives  best  adapted  for  use  with  water 
high  in  calcium  sulphate  depend  upon  this  fact  for  their  efficiency. 
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Magnesium  carbonate,  in  its  solvent  action  and  precipitation,  is 
similar  to  calcfium  carbonate. 

At  about  this  point  the  oxide  of  iron  and  alumina  separate, 
the  latter  usually  with  more  or  less  organic  matter.  In  the 
inverse  order  of  their  solubility  all  the  other  salts  separate  and 
in  much  the  same  way  as  calcium  carbonate  and  sulphate,  except 
that,  owing  to  their  greater  solubility,  much  more  evaporation  is 
necessary  for  their  deposition. 

After  precipitation,  the  insoluble  salts  remain  for  a long  time 
suspended  in  the  water,  and  tend  to  deposit  themselves  more  or 
less  rapidly  according  to  the  density  of  the  water,  the  manner  in 
which  it  circulates,  and  the  intensity  of  the  ebullition.  Where 
this  is  rapid  the  salts  are  held  in  suspension  by  agitation  until  the 
boiling  ceases.  Where  the  circulation  is  good  they  are  carried 
away  with  the  currents  until  a comparatively  quiet  part  of  the 
boiler  is  reached,  when  they  are  deposited  upon  the  plates  or 
tubes  or  in  some  of  the  mechanical  devices  used  for  the  purpose 
of  catching  the  precipitated  sediment.  The  plates  over  the  fire 
are  not  (as  many  naturally  suppose)  as  liable  to  become  encrusted 
as  other  parts  of  the  boiler.  The  precipitated  matter  is  held  in 
suspension  by  the  agitation  consequent  upon  such  rapid  ebullition 
at  this  point,  and  is  allowed  to  deposit  in  the  cooler  and  more 
quiet  parts.  Very  often  incrustation  in  this  part  of  the  boiler  is 
due  the  fact  that  pieces  of  scale  become  detached  from  the  upper 
shell  of  the  boiler  and  fall  upon  the  plates  in  pieces  too  large  to 
be  carried  away  by  the  currents.  The  feed  pipe  (when  the  feed  is 
cut  off)  is  one  of  the  quietest  spots  in  the  boiler,  and  hence  the 
amount  of  deposit  very  often  found  in  it.  With  waters  highly 
charged  with  calcium  carbonate  or  sulphate,  the  sudden  change 
of  temperature  and  pressure,  to  which  the  feed  water  is  subjected, 
causes  an  almost  instant  precipitation  of  the  calcareous  salts, 
thus  “ furring”  up  the  pipe  and,  in  course  of  time,  completely 
filling  it.  The  deposit  of  scale,  once  having  formed  within  the 
boiler,  becomes  thicker  and  harder,  until  it  is  as  dense  as  porce- 
lain and  has  reached  such  a thickness  as  to  prevent  the  proper 
heating  of  the  water  by  any  fire  that  can  be  placed  under  it. 
The  high  temperatures  necessary  to  heat  water  through  the 
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thick  scale  will  sometimes  convert  it  into  an  absolute  glass  by 
combining  the  sand  with  the  alkaline  salts. 

The  evil  effects  of  scale  are  mainly  due  to  the  fact  that  it  is 
relatively  a non-conductor  of  heat.  Its  conducting  power  com- 
pared to  that  of  iron  is  approximately  in  the  ratio  of  I to  37.5, 
which  ratio  naturally  increases  as  the  scale  thickens.  It  has  been 
demonstrated  that  a scale  one-sixteenth  inch  thick  demands  an 
increase  of  15  per  cent,  more  fuel,  one-fourth  inch  thick  demands 
an  increase  of  60  per  cent,  more  fuel,  and  one-half  inch  thick  150 
per  cent,  more  fuel.  These  facts  are  not  invariably  true,  as  many 
boilers  have  incrustations  considerably  more  than  one-half  an 
inch  thick  over  the  greater  part  of  their  heating  surface  without 
demanding  anything  like  150  per  cent,  more  fuel.  Practically,  it 
is  not  an  easy  matter  to  calculate  the  actual  loss  of  heat  due  to 
the  formation  of  incrustation,  inasmuch  as  the  circumstances 
which  determine  the  rate  of  heat  transmission  through  plates 
covered  by  scale  of  different  kinds  and  thicknesses  (either  homo- 
geneous or  otherwise)  are  not  sufficiently  understood  to  enable  the 
theoretical  results  to  coincide  with  those  obtained  in  practice. 
Experience  has  shown  that  45  per  cent,  of  the  fuel  burned  under 
locomotive  boilers  is  required  to  overcome  the  non-conducting 
power  of  the  scale. 

There  is  still  another  point  of  view  from  which  we  can  obtain 
an  idea  of  the  non-conducting  power  of  boiler  incrustations.  In 
order  to  raise  steam  to  a pressure  of  90  lbs.  the  water  must  be 
heated  to  a temperature  of  320°  F.  . This  can  be  done  in  a per- 
fectly clean  boiler  by  maintaining  the  external  surface  of  the  shell 
at  a temperarure  of  325  0 F.  If  one-half  inch  of  scale  intervenes 
between  the  shell  and  the  water  its  conductivity  is  such  that  it 
will  be  necessary  to  maintain  the  shell  at  a temperature  of  700°  F., 
or  a low  red  heat.  Abstractly,  then,  to  raise  water  in  a boiler  to 
any  given  temperature,  the  fire  surface  must  be  heated  to  a tem- 
perature which  will  be  in  an  increasing  ratio  with  the  thickness 
of  the  scale. 

The  greater  the  intensity  of  the  heat  to  which  the  boiler  shell 
is  subjected  the  more  rapid  is  the  oxidation  of  the  iron,  and  at 
any  point  above  6oo°  F.  it  soon  becomes  granular  and  brittle 
and  is  liable  to  bulge,  crack,  or  otherwise  give  way  to  the  inter- 
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nal  pressure.  The  expense  incurred  by  the  formation  of  scale 
is  evident:  (1)  The  raising,  maintaining,  and  lowering  of 
steam  is  rendered  slower  and  more  difficult,  and  (2)  its  presence 
is  always  attended  with  more  or  less  overheating,  with  the  con- 
sequent decrease  in  the  length  of  life  of  the  boiler.  Explosions 
may  also  be  directly  attributed  to  the  scale.  The  shell  of  the 
boiler  becomes  intensely  heated,  the  scale  cracks,  and  the  water 
suddenly  comes  in  contact  with  the  hot  surface.  An  immense 
amount  of  steam  is  almost  instantly  generated  and  consequently 
an  explosion  occurs. 

There  are  other  causes  which  tend  to  produce  overheating  be- 
sides the  coating  of  incrustation  within  the  boiler.  The  evil  is 
very  often  due  to  the  presence  of  a loose,  impalpable  powder,  of 
which  calcium  carbonate  is  the  chief  constituent.  This  is  long 
held  in  suspension  and  covers  the  water  with  a kind  of  scum, 
which,  when  present  in  any  considerable  quantity,  offers  great 
resistance  to  the  escape  of  the  steam  bubbles  and  to  the  free  con- 
vection of  heat.  The  water  is  in  consequence  lifted  off  the  plates 
by  the  steam  that  accumulates  in  their  surfaces  and  allows  them 
to  become  overheated.  The  presence  of  grease  also  tends  to  ag- 
gravate overheating.  It  acts  mechanically  with  the  calcium  car- 
bonate, causing  it  to  settle  in  a loose,  spongy  mass,  too  inert  to  be 
carried  away  by  the  circulation  or  ebullition  which  it  retards,  and 
by  preventing  the  contact  of  the  plates  and  water,  and  also  by 
offering  great  resistance  to  the  transmission  of  heat,  allows  the 
plates  to  become  overheated.  A compact,  homogeneous  mass  of 
incrustation  should  prove  less  detrimental  to  the  plates  exposed 
to  the  action  of  fire  than  a spongy,  less  solid  or  powdery  mass. 
This  is  easily  accounted  for  on  the  principle  that  loose  sand  forms 
a much  worse  conductor  of  heat  than  the  solid  stone  of  which  it 
is  composed. 

Boiler  incrustations  may  be  more  or  less  definitely  divided  in- 
to the  following  general  classes : 

(1)  Those  which  are  hard,  compact,  crystalline,  and  composed 
of  numerous  thin  layers.  This  is  the  form  of  incrustation  most 
common  in  locomotive  boilers  and  is  the  type  of  the  so-called 
“hard  sulphate  scale.”  They  usually  consist  of  from  30  to  70  per 
cent,  of  calcium  sulphate  associated  with  calcium  carbonate  and 
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basic  carbonate  of  magnesia  ( 2MgO.CO 2).  On  examination  it  is 
found  that  the  strata  of  this  type  of  boiler  incrustation  are  partly 
crystalline  and  partly  amorphous,  varying  in  thickness  from  that 
of  paper  to  % inch  or  more.  Interspersed  between  these  hard 
layers  are  frequently  found  thin,  soft  layers  of  earthy  matter 
which  has  been  held  in  suspension  and  deposited  when  the  agi- 
tation of  the  water  has  temporarily  ceased.  The  side  of  the  crust 
nearest  the  heating  surface  is  very  often  of  a dark  color,  due  to 
the  presence  of  an  excess  of  oxide  of  iron  occasioned  by  the  cor- 
rosion of  the  boiler  shell. 

(2)  Those  which  are  loose  and  friable,  not  at  all  crystalline  and 
with  no  well  defined  layers  visible.  Calcium  carbonate  is  the 
main  constituent  of  these  incrustations. 

(3)  Deposits  consisting  of  a fine  powder  or  mud.  Their  com- 
position is  variable. 

We  have  now  dealt  with  a few  of  the  more  important  evils  re- 
sulting from  boiler  incrustation.  There  is  still  another  manner  in 
which  boilers  may  be  injured  by  the  feed  water  and  the  causes  of 
the  injury  are  in  many  respects  the  exact  reverse  of  those  already 
considered  in  connection  with  incrustation.  In  many  cases  boil- 
ers are  subjected  to  as  much  danger  from  corrosion  as  they  are 
from  the  excessive  formation  of  scales. 

When  a very  pure  water  is  allowed  to  act  on  an  entirely  new 
boiler,  corrosion  rapidly  sets  in,  owing  to  the  presence  of  oxygen 
and  carbon  dioxide  dissolved  in  the  water ; and  this  corrosion  is 
all  the  more  rapid,  as  there  is  so  little  mineral  matter  with  which 
the  gases  may  combine.  The  usual  corrosive  ingredients  in  wa- 
ters are  sodium  and  potassium  sulphates  and  chlorides,  and  mag- 
nesium chloride.  Their  corrosive  action  is  all  the  more  noticeable 
when  the  water  is  highly  charged  with  air  and  carbon  dioxide. 
That  these  substances  do  attack  iron  is  shown  by  introducing  slips 
of  iron  and  copper,  connected  with  a galvanometer,  into  their  so- 
lutions. The  evil  of  corrosion  is  most  noticeable  with  low  pres- 
sure compound  engines,  which  recondense  their  water. 

The  injudicious  use  of  brass  cocks  and  connections  bolted  or 
fastened  to  the  boiler  shell  has  often  resulted  in  corrosion,  due  to 
the  galvanic  action  at  the  points  of  contact  of  the  iron  and  brass. 
Another  cause  of  this  danger  may  be  attributed  to  a deposit  of 
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soot  which  is  sometimes  allowed  to  form  in  the  tubes  and  flues, 
and  which  becomes  charged  with  pyroligneous  acids.  This  is 
fre  ^uently  the  case  when  wood  has  been  freely  used  in  lighting 
fires,  or  large  quantities  of  coal  have  been  fired  at  a time.  An 
excess  of  pyrites  in  the  coal  will  also  occasion  corrosion  of  the 
tubes.  Corrosion  is  often  caused  by  grease  which  may  sometimes 
get  into  the  boiler.  This  is  particularly  so  in  ocean  steamships 
where  the  water  is  condensed  by  means  of  an  injection  condenser. 
The  grease  forms  a lime  soap  at  about  7 o°  C.  and  this  is  rendered 
possible  as  a portion  of  the  lime  salts  have  separated  in  an  insolu- 
ble form  at  this  temperature.  The  lime  soap,  under  the  influence 
of  a higher  temperature,  partially  decomposes  into  free-fat  acid 
and  a basic  lime  soap,  which  adheres  to  the  boiler  surface,  while 
the  fatty  acids  attack  and  dissolve  the  iron. 

From  the  foregoing  principle  of  incrustation  it  is  plain  that  it 
is  in  those  land  boilers  only  which  use  pure,  natural  water  that 
we  are  likely  to  find  corrosion  actively  at  work.  Calcareous  or 
chalybeate  water  prevents  its  action.  In  a case  where  a remark- 
ably pure  water  is  to  be  had,  it  is  well  to  add  a little  whitewash 
to  the  feed  water,  or  the  boiler  may  be  fed  for  a few  weeks  with  a 
calcareous  water  and  then  started  on  pure  water.  In  this  way  we 
produce  a thin,  artificial  layer  of  incrustation  and  the  boiler  is 
permanently  protected  from  such  corrosion. 

We  have  now  made  a short  review  of  the  subject  of  boiler 
incrustation  and  corrosion  and  will  proceed  to  the  discussion  of 
their  prevention. 

The  methods  resorted  to  for  the  prevention  of  corrosion  and 
incrustation  in  a boiler  are  manifold  and  widely  different  in  their 
nature  and  action.  The  following  classification  has  been  adopted 
and  includes,  more  or  less  completely,  all  the  common  methods 
in  use. 

(1)  Chemical  treatment  of  the  water  before  entering  the  boiler. 

(2)  Introduction  into  the  boiler  of  chemical  agents  with  the 
object  of  rendering  the  impurities  of  the  water  more  soluble,  or 
of  otherwise  changing  their  character  and  behavior. 

(3)  Various  mechanical  devices. 

(1)  Clark’s  process  is  one  of  the  oldest  and  best  known  of  the 
methods  in  use  for  softening  waters,  and  is  especially  adapted  to 


92 


Notes  on  Boiler  Waters. 


waters  containing  much  calcium  carbonate  in  solution.  The 
water  is  treated  with  milk  of  lime,  which  takes  up  the  excess  of 
free  carbonic  acid  and  converts  the  acid  calcium  carbonate  into 
the  neutral  carbonate,  which  is  insoluble  and  precipitates.  The 
reactions  involved  are: 

Ca{HCO%  + Ca(OH),  = 2 CaC03  + 2 H20. 

This  process  is  cheap  and  for  some  waters  very  efficient.  Its 
great  objection  is  the  length  of  time  required  for  the  precipitated 
matter  to  settle.  This  can  not  be  done  in  less  than  24  hours, 
and  for  railroad  use  where  so  much  water  is  consumed  enormous 
storage  tanks  would  be  necessary.  This  expense  and  incon- 
venience renders  the  process  almost  totally  useless  for  such 
service. 

Another  process  proposed  by  Dr.  Rogers  consists  in  convert- 
ing the  earthy  carbonates  into  soluble  chlorides  and  then  neutral- 
izing the  slight  excess  of  hydrochloric  acid  by  filtering  through 
coarsely  powdered  witherite.  The  solution  of  barium  chloride 
thus  formed  converts  the  calcium  sulphate  present  into  barium 
sulphate  and  calcium  chloride,  the  former  settling  readily  and  the 
latter  being  very  soluble.  The  process  is  cheap  and  simple  and 
should  be  of  service  to  railway  stations. 

There  is  another  process,  in  which  barium  hydrate  is  used. 
This  acts  towards  calcium  acid  carbonate  in  a manner  exactly 
analogous  to  milk  of  lime  and  has  the  additional  advantage  of 
decomposing  calcium  sulphate.  The  precipitates  formed  are 
much  heavier  than  those  produced  by  Clarke’s  process  and  con- 
sequently settle  in  less  time.  The  most  serious  drawback  to  the 
use  of  this  reagent  is  its  expense. 

There  are  other  processes  intending  to  soften  water  before  its 
entrance  into  the  boiler,  but  all  are  more  or  less  expensive  and 
inconvenient.  It  is  more  practicable  to  one  of  the  methods 
described  in  the  following  class  of  chemical  agents  acting  within 
the  boiler. 

Commercial  soda  ash,  on  account  of  its  wide  applicability  and 
usefulness  to  different  kinds  of  boiler  feed  water,  is,  perhaps, 
deserving  of  first  mention  under  this  class.  It  is  composed 
mainly  of  neutral  sodium  carbonate  with  a small  percentage  of 
caustic  soda.  Both  calcium  carbonate  and  sulphate  are  rapidly 
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precipitated  by  its  action.  Soda  ash  decomposes  calcium  sul- 
phate with  an  interchange  of  acid  radical,  the  products  of  the  de- 
composition being  insoluble  calcium  carbonate,  and  the  readily 
soluble  salt,  sodium  sulphate.  It  mainly  owes  its  efficiency  to 
acid  calcium  carbonate  by  virtue  of  the  small  amount  of 
caustic  soda  associated  with  it,  which  readily  removes  the  excess 
of  carbon  dioxide  from  the  water,  precipitating  normal  calcium 
carbonate.  With  proper  precaution  the  precipitated  carbonate 
of  lime  can  be  readily  removed,  as  has  already  been  mentioned 
in  regard  to  the  properties  of  this  substance  when  chemically 
precipitated. 

If  lime  salts  are  largely  present  the  use  of  soda  should  always 
be  accompanied  by  frequent  and  regular  blow-outs,  to  prevent 
foaming  or  “priming”  within  the  boiler.  This  is  by  far  the 
greatest  objection  to  the  use  of  soda  ash.  It  can,  however,  be 
overcome  by  care  and  attention.  The  danger  is  naturally  great- 
est when  the  boiler  is  first  started  on  the  use  of  the  compound, 
and  no  amount  of  chemical  analysis  and  calculation  can  entirely 
foretell,  meet,  and  overcome  the  evil  of  priming.  In  a short 
time  the  boiler  will  usually  become  more  settled  in  its  action,  and 
the  engineer  accustomed  to  exert  the  same  watchfulness  in  the 
use  of  the  boiler  compound  as  is  necessary  for  every  successful 
manipulation  of  motive  power.  In  most  cases  the  evil  is  over- 
come or  lessened  below  the  danger  limit  by  strictly  confining  the 
amount  of  soda  used  to  that  found  necessary  by  an  analysis  of 
the  water.  If  the  boiler  can  be  kept  in  good  condition  by  a less 
amount  than  this  it  is  always  advisable  to  do  so,  as  the  expense 
is  less  and  another  evil  which  often  accompanies  priming  is  like- 
wise reduced. 

The  oil  used  for  the  lubrication  of  steam  cylinders  usually 
consists  of  a petroleum  oil  of  high  viscosity  or  “ body,”  com- 
pounded with  from  io  to  25  per  cent,  of  animal  fat  or  oil.  When 
the  boiler  primes,  water  is  mechanically  carried  over  with  the 
steam,  and,  of  course,  the  soda,  being  in  solution,  is  more  or  less 
carried  over  with  it.  At  the  temperature  of  the  cylinder  the  sa- 
ponification of  the  animal  oil  rapidly  takes  place.  This  is  especi- 
ally true  if  the  saponifiable  matter  contained  any  considerable  ad- 
mixture of  free  fatty  acid.  The  resulting  soap  forms  very  hard, 
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dark-colored  lumps,  which  may  endanger  the  safety  of  the 
cylinder  or  its  valve. 

Another  source  of  trouble  which  accompanies  the  use  of  many 
of  the  compounds  of  this  class,  which  is  not  peculiar  to  soda,  is 
the  liability  of  the  plates  to  become  overheated,  due  to  the 
thickening  of  the  water  from  the  accumulation  of  precipitated 
mineral  matter,  or  from  the  settling  of  a large  quantity  of  de- 
posit on  the  plates  when  the  water  is  allowed  to  remain  at  rest, 
as  at  feed  times. 

These  objections  would  appear  amply  sufficient  to  forbid  the 
use  of  soda  as  a scale  preventative.  And  we  must  admit  that 
the  objections  are  true.  But  that  they  may  be  overcome  will  be 
illustrated  presently  by  quoting  some  experiences  met  with  in  its 
practical  application  in  locomotive  boilers. 

For  a water  containing  about  seven  grains  of  incrusting  ingre- 
dients per  gallon  the  following  directions  will  usually  insure  satis- 
factory results:  Use  one  pound  soda  ash  per  1000  gallons  of 

water  and  blow  off  the  boiler  after  every  125,000  gallons  have 
been  consumed.  If  the  boiler  primes  under  this  treatment  gradu- 
ally lessen  the  amount  of  soda  used  until  the  priming  ceases. 
The  best  method  of  using  the  soda  is  to  dissolve  it  in  water  and 
introduce  it  continuously  with  the  feed.  This  can  be  done  by 
connecting  the  vessel  containing  it  with  the  suction  pipe  of  the 
pump  which  supplies  the  water. 

Soda  ash  is  sometimes  said  to  occasion  corrosion,  but  the  be- 
lief is  usually  founded  on  the  fact  that  its  use  simply  enables  the 
defect  in  the  plates  to  be  seen  which  were  hitherto  unsuspected. 
Its  tendency  is  just  the  reverse,  and  checks  the  corrosive  action 
due  to  the  presence  of  magnesium  chloride,  alkaline  salts  or  any 
organic  acids. 

Sodium  and  potassium  hydrates  act  somewhat  similarly  to 
soda  ash,  but  are  said  to  have  a slight  corrosive  action  when 
concentrated.  They  remove  hard,  sulphate  of  lime  incrustations 
more  rapidly  and  should  be  employed  in  small  quantity.  It  must 
be  remembered  that  in  the  use  of  the  alkaline  hydrates  and  car- 
bonates, the  sole  object  is  the  modification  of  the  nature  of  the 
incrustation  without,  in  any  way,  preventing  its  formation.  The 
keynote  to  their  successful  action  is  simply  that  the  deposit  is  of 
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such  a nature  that  it  can  be  easily  wasted  or  blown  out  of  the 
boiler. 

The  practical  utility  of  the  alkalies  as  scale  preventatives  is  ad- 
mirably stated  by  J.  N.  Barr  in  a paper  read  before  the  North- 
western Railway  Society  on  “The  Treatment  of  Waters  Used  in 
Locomotives  to  Prevent  Corrosion.”  The  composition  of  the 
boiler  compound  which  he  has  introduced  and  which  is  at  present 
in  use  on  the  Chicago,  Milwaukee  & St.  Paul  Railroad  is:  3750 

gallons  of  water,  2600  pounds  (70  per  cent.)  caustic  soda,  and  1600 
pounds  (58  per  cent.)  soda  ash.  This  mixture  forms  a strong 
solution  of  caustic  soda  and  soda  ash  and  costs  about  four  cents 
per  gallon.  It  is  used  over  the  greater  part  of  their  system  and 
the  results  are  said  to  be  entirely  satisfactory.  In  order  to  deter- 
mine the  amount  of  boiler  compound  to  use,  the  waters  were 
first  subjected  to  careful  analysis,  and  the  amount  and  nature  of 
the  incrusting  ingredients  ascertained.  The  next  step  was  to 
find  out  how  much  water  each  engine  was  expected  to  take  at  the 
different  watering  stations.  From  the  analyses  of  the  waters  and 
the  amount  consumed  on  the  trip,  the  total  weight  of  incrusting 
ingredients  that  would  be  deposited  was  made  known.  It  was 
then  found  by  experiment  that  one-fourth  of  the  amount  of  com- 
pound, theoretically  deduced  by  analysis,  would  be  amply  suffi- 
cient both  for  the  gradual  removal  of  the  old  scale  and  the  total 
prevention  of  any  new  incrustation.  The  boiler  compound  is 
charged  in  the  round  house,  introducing  into  the  tender  the  total 
amount  required  for  the  run,  even  if  water  is  taken  at  one  or  more 
intervening  stations.  With  an  engine  running  on  water  contain- 
ing an  average  of  2.1  pounds  of  incrusting  ingredients  per  1000 
gallons  it  is  necessary  to  change  the  water  every  600  miles  and 
wash  out  the  boiler  after  every  1 200  miles.  In  addition  to  this 
the  engineer  uses  the  blow-off  cock  when  the  water  gives  any  de- 
cided indication  of  priming.  The  article  closes  with  numerous 
testimonials  from  the  engineers  which  speak  in  very  flattering 
terms  of  the  efficiency  of  the  compound. 

Alban  Eavenson,  ’91. 


(To  be  continued.) 


THE  MANUFACTURE  OF  HEAVY  ORDNANCE  AND  ARMOR 

PLATE. 

Until  the  year  1888  the  United  States  was  entirely  dependent 
upon  foreign  manufacturers  for  the  heavier  types  of  modern  guns, 
and  for  armor  plate  capable  of  affording  a protection  against  such 
heavy  ordnance,  but  from  that  year  to  the  present  time  the  govern- 
ment has  been  on  a more  independent  footing  through  the  estab- 
lishment of  factories  in  this  country'  which  are  now  able  to  produce 
equal,  if  not  superior,  war  material  to  any  produced  abroad. 
With  the  gradual  increase  in  knowledge  concerning  the  best 
methods  and  material  to  employ  in  the  production  of  these  large 
forgings  comes  the  steady  improvement  in  the  quality  and  rapid 
delivery  of  the  product,  and  the  United  States  is  gradually  coming 
to  the  front  in  ordnance  matters.  It  is  proposed  in  this  article  to 
give  a short  description  of  the  manufacture  of  government  war 
material. 

To  begin  with,  open  hearth  steel  is  used  altogether  as  gun 
and  plate  metal.  A rough  statement  of  the  manner  of  producing 
this  steel  is  as  follows:  A charge,  made  up  of  pig  iron,  muck 
bar,  scrap,  and  other  materials  is  melted  in  a furnace  by  burning 
coal  gas,  and  this  bath  is  added  to  from  time  to  time,  the  per- 
centage of  carbon,  by  which  the  proper  degree  of  hardness  for 
the  steel  is  fixed,  being  gradually  lowered.  Several  of  these 
charges  may  be  made  before  the  addition  of  the  carbonizers,  or 
materials  which  are  to  give  the  heat  its  final  composition.  These 
last  consist  of  spiegel  and  ferro-manganese.  During  the  heat 
several  tests  are  taken  by  which  to  determine  the  state  of  the 
bath.  These  are  poured  in  a small  mould,  hammered  out,  and 
broken,  when  the  character  of  the  grain  indicates  the  condition 
of  the  fused  metal.  They  are  also  analyzed  for  composition. 
Phosphorus,  the  bete  noire  of  the  steelmaker,  is  kept  at  as  small 
a percentage  as  possible,  “low  phosphorus”  ores  being  used  from 
the  start.  It  should  not  run  over  .035  of  1 per  cent.  This 
precaution  prevents  the  steel  from  being  cold-short  or  brittle. 
Sulphur  also  should  not  be  present  in  greater  quantity  than  .04 
of  1 per  cent,  in  order  to  avoid  a red-short  steel,  or  one  which 

96 


Ordnance  and  Armor  Plate. 


97 


is  liable  to  crack  or  seam  during  the  process  of  working  at  a red 
heat.  Gradually  the  molten  metal  approaches  the  desired  con- 
dition and  is  finally  “tapped”  out  of  the  furnace  into  a large 
ladle  or  bucket. 

At  the  works  of  The  Bethlehem  Iron  Company  the  next  process 
is  fluid  compression.  The  ladle  is  moved  over,  and  its  contents 
poured  into  the  mould  in  which  the  ingot  is  to  be  cast.  This 
mould  is  of  iron  lined  with  firebrick.  When  it  is  full  it  is  drawn 
under  the  hydraulic  press.  A piston  just  fitting  the  iron  mould 
comes  down  slowly  with  great  pressure,  forcing  out  the  gases 
in  the  steel  and  securing  the  greatest  density  and  closeness  of 
grain  possible.  After  the  ingot  thus  cast  is  sufficiently  cool  it  is 
bored  through  and  cut  into  “blocks”  to  be  used  in  producing  the 


various  gun  forgings.  Fig.  I shows  an  ingot  as  it  will  be  cut  up 
and  bored,  ready  to  go  to  the  press  or  hammer.  The  govern- 
ment requires  a certain  per  cent,  of  the  total  weight  of  the 
ingot  to  be  discarded  from  both  top  and  bottom  (the  greater 
amount  from  the  top),  in  order  to  be  sure  of  the  absence  of  pipe 
and  the  general  good  condition  of  the  metal. 

That  a proper  idea  may  be  had  of  the  formation  of  these  large 
guns,  a section  of  a 12-inch  Navy  breechloading  rifle  (Bureau  of 
Ordnance,  Navy  Department)  is  given,  showing  how  the  various 
pieces  are  assembled  together  and  the  gun  thus  “built  up”  (Fig.  2). 
This  gun  and  the  12-inch  Army  rifle  are  the  largest  yet  tried  by 
the  United  States.  These  rifles  are  about  3 7 feet  long  and  12  feet 
round  at  the  breech.  The  Army  gun  weighs  52  tons,  and  the 
Navy  45  tons.  A 13-inch  Navy  gun  is  rapidly  being  built.  The 
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largest  gun  yet  designed  by  our  government  is 
a 16-inch  Navy  rifle,  which  is  about  49  feet  long 
and  weighs  1 1 1 y2  tons,  but  as  yet  no  order  has 
been  issued  for  this  type. 

The  tube,  or  core,  of  the  12-inch  gun  (shown 
in  the  figure  by  oblique  section)  may  be  consid- 
ered the  foundation  piece.  It  is  this  forging  that 
is  in  actual  contact  with  the  gases  of  the  burn- 
ing powder  and  the  projectile,  and  which  stands 
the  initial  pressure  of  the  explosion,  being  re- 
inforced by  the  jacket  (shown  in  the  figure  by 
vertical  section)  and  heavier  hoops  on  the  breech, 
and  by  the  lighter  hoops  on  the  chase  of  the 
rifle.  When  a proper  block  has  been  selected 
from  the  ingot  it  is  put  in  a heating  furnace  and, 
when  at  a working  heat,  is  swung  under  a power- 
ful hydraulic  press  and  drawn  on  a mandrel  to 
length.  At  the  Bethlehem  Works  the  presses  are 
the  Whitworth  & Co.  (Manchester,  England) 
make.  The  die,  moving  slowly  and  quietly, 
exerts  a pressure  of  many  thousands  of  pounds, 
and  readily  “ works  ” the  red-hot  metal  into  the 
various  forgings  required — shafts,  hoops,  tubes, 
etc.  The  jacket  and  hoops  are  forged  in  the 
same  way  as  the  tube.  The  handling  of  these 
heavy  pieces  is  successfully  accomplished  by 
mechanical  contrivances  at  the  press,  which,  by 
shifting  the  heavy  chains  supporting  the  forging 
on  the  mandrel,  cause  it  to  move  backward  and 
forward,  and  turn  over  and  over,  the  die  mean- 
while pressing  it  rapidly  into  the  proper  shape. 

The  press  leaves  the  forgings  approximately 
the  shape  they  are  to  attain.  They  are  then 
machined  roughly  to  size  and  transferred  to  the 
tempering  plant.  The  government  requires  that 
all  its  steel  material  be  carefully  “ treated,”  that 
is,  tempered  and  annealed  before  testing  it,  to  de- 
termine its  physical  qualities.  The  pieces  are 
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lifted  out  of  the  heating  furnace  by  an  hydraulic  crane  of  prob- 
ably ioo  tons  capacity,  and  plunged  into  a vat  of  oil.  Oil  of  low 
inflammability  is  used — flashing  point  3250  to  330°  F.,  burning 
point  360°  F. — and  there  is  a constant  circulation  about  the  piece. 
After  tempering  the  metal  in  this  way  it  is  put  in  the  annealing 
furnaces,  where  it  is  closely  surrounded  by  burning  wood.  This 
process  draws  the  temper  and  relieves  strains  which  may  have 
been  caused  by  the  sudden  immersion  in  oil.  In  treating  a piece 
the  heat  may  be  indicated  by  its  color,  a blood  red,  for  instance, 
corresponding  to  about  1100°  F.,  salmon  to  1500°  F.,  and  yel- 
low, or  about  forging  heat,  to  2100°  F.  In  the  manufacture  of 
gun  forgings  for  the  Navy  the  last  process  must  be  an  annealing 
one. 

After  treatment  the  forgings  are  taken  to  the  machine  shop 
and  test  pieces  slotted  out  and  turned  up  into  a test  bar  or  “spe- 
cimen.” Fig.  3 shows  an  army  test  specimen  three  inches  long 


between  measuring  points.  This  specimen  is  commonly  cut  from 
tubes  and  jackets,  and  is  representative  of  the  usual  specimens 
taken  by  the  government.  At  the  Bethlehem  Works  an  Emery 
testing  machine  is  used.  The  specimen  is  carefully  measured  be- 
tween the  points  as  marked.  It  is  then  subjected  to  stress  to  de- 
termine its  elastic  limit,  or  the  load  it  will  bear  before  taking  a 
permanent  “set.”  The  load  is  then  increased  to  determine  its 
ultimate  strength,  and  after  fracture  the  extension  of  the  bar  dur- 
ing stress,  the  reduction  of  area  at  the  break,  and  the  appearance 
of  the  fracture  are  carefully  noted.  These  specimens,  taken  from 
both  ends  of  the  principal  pieces,  indicate  the  character  of  the 
metal  with  fair  accuracy.  By  a comparison  of  from  three  to  six 
specimens  from  an  end  of  a forging  a good  idea  may  be  had  of 
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the  uniformity  of  the  piece.  The  bars  are  somewhat  small,  and 
for  fine  experimental  work  would  not  be  as  good  as  a large  speci- 
men 8 inches  between  points  by  I inch  in  diameter,  but  with  an 
electric  micrometer  attachment  the  determinations  of  the  elastic 
limit  of  the  smaller  bars  may  be  made  with  such  accuracy,  and 
their  number  affords  such  a good  comparison  that  the  results 
indicate  the  quality  of  metal  satisfactorily. 

With  the  acceptance  of  the  piece  as  to  tests  the  rough  forging 
is  ready  for  shipment  after  the  extra  strip  of  test  metal  has  been 
cut  off.  The  gun  is  “built  up,”  or  the  various  parts  assembled, 
at  the  government  factories.  In  this  latter  process  the  forgings 
are  machined  with  great  nicety  and  according  to  careful  mathe- 
matical calculation.  The  jacket  first  is  bored  a shade  smaller 
than  the  tube,  carefully  heated  until  it  expands,  slipped  over  the 
tube  into  place,  and  then  sprayed  until  it  is  firmly  shrunk  on. 
The  hoops  succeed  this  in  overlapping  layers  and  when  all  are 
in  place  the  gun  is  “turned  up”  on  the  outside  (as  shown  in  the 
lower  half  Fig.  2),  rifled  in  the  bore,  fitted  with  its  rather  com- 
plicated breech  mechanism  — too  full  of  detail  to  discuss  here  — 
and  stands  ready  for  its  first  proof  round. 

In  manufacturing  armor  plates  there  are  a variety  of  methods 
in  practice  by  which  the  makers  hope  to  secure  the  most  effective 
resistance  to  the  penetration  of  the  projectiles  thrown  by  the 
heavier  types  of  ordnance,  and  repeated  experiment  is  gradually 
pointing  out  the  best.  The  English  manufacturers  believe  great 
results  can  be  achieved  with  “compo.und”  plate,  that  is,  a steel 
face  and  a wrought-iron  back  mechanically  welded,  the  idea  being 
to  break  up  the  projectile,  or  prevent  its  penetration,  with  the 
hard  face,  and  keep  the  plate  from  developing  serious  cracks 
with  the  soft  backing.  Upon  being  put  to  an  ordinarily  severe 
test  this  plate  has  proved  inefficient,  large  pieces  of  the  hard 
front  breaking  loose,  and  the  plate  cracking  badly.  The  French 
all-steel  and  nickel-steel  plates  show  excellent  ballistic  resistance, 
having  the  face  hardened  by  a treatment  process.  They  are 
superior  to  the  English  plates.  In  the  United  States  the  “ Harvey  ” 
process  of  supercarburization  or  cementation  has  been  used  with 
seeming  success.  In  this  process  the  plate  is  buried  in  sand  in  a 
furnace  with  the  exception  of  one  face,  on  which  a quantity  of 
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carbonaceous  material  is  placed,  this  in  turn  being  covered  with 
sand  and  brick.  The  mass  is  then  kept  at  a high  heat  for  a 
certain  length  of  time  and  allowed  to  cool  slowly.  A portion  of 
the  carbon  is  “absorbed,”  which  renders  the  face  of  the  plate 
much  harder.  Just  how  deep  this  hard  surface  extends,  under 
certain  conditions  of  heat  and  length  of  exposure,  has  not  as  yet 
been  accurately  determined.  This  government  has  the  right  of 
use  of  this  process. 


At  present  there  are  but  two  firms  in  the  United  States  which 
manufacture  heavy  armor  plate,  viz.,  Carnegie,  Phipps  & Co.,  of 
Pittsburg,  Pa.,  and  The  Bethlehem  Iron  Company,  of  South  Beth- 
lehem, Pa.  The  former  roll  the  plates  and  the  latter  forge  them 
under  a steam  hammer.  The  production  of  the  ingots  from  which 
the  plates  for  the  United  States  Navy  are  made  at  Bethlehem 
differs  from  those  of  which  gun  forgings  are  made  by  the  addition 
of  nickel  to  the  heat,  which  has  been  proved  to  increase  the  value 
of  a steel  plate,  in  that  it  gives  it  a higher  tensile  strength  and 
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renders  it  less  liable  to  crack 
on  ballistic  impact.  Under  the 
steel  faced  tap  of  Bethlehem’s 
125-ton  hammer  the  ingots 
rapidly  take  the  shape  of  plat- 
ing for  the  armament  of  the 
new  ships  of  war. 

The  acceptance  of  armor 
plates  depends  on  the  result 
of  the  ballistic  test  of  a plate 
selected  out  of  a group  which 
has  been  made  up  of  a num- 
ber of  plates  from  which  ten- 
sile tests  have  been  taken.  The 
plates  are  grouped  according 
to  the  grade  which  these  ten- 
sile tests  establish.  The  bal- 
listic test  is  probably  the  most 
severe  test  the  government 
imposes.  Three  shots  are 
fired  at  a plate  from  a 6-inch 
or  8-inch  rifle,  the  three  points 
impact  being  arranged  so  as 
to  form  an  equilateral  triangle. 
No  projectile  or  fragment  of 
the  plate  must  get  clear 
through  the  plate  and  backing. 
No  large  cracks  which  expose 
the  backing  must  appear  be- 
fore the  impact  of  the  third 
shot,  and  the  plate  must  not 
break  up  and  pieces  be  de- 
tached before  the  impact  of 
the  third  shot.  Provision  is 
made  for  the  test  of  plates  in 
very  cold  weather  by  allowing 
a test  plate  to  be  warmed  to 
not  above  6o°  F.  if  the  temp- 
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erature  is  40°  F.  The  velocity  of  the  projectile  which  is  fired  at 
the  plate  must  have  sufficient  energy  to  just  pass  through  a 
wrought-iron  plate  and  its  backing  of  36  inches  of  wood,  it  being 
supposed  that  the  wrought-iron  plate  is  of  the  same  thickness  as 
the  test  plate.  This  velocity  is  calculated  by  the  formula  of  Gavre, 


in  which  p — weight  of  projectile  in  pounds. 

a = diameter  of  projectile  in  inches. 

V=  velocity  at  impact  in  feet  per  second. 

E ==  thickness  of  backing  in  inches. 
e — thickness  of  armor  plate  in  inches. 

A formula  deduced  for  steel  plates  and  in  use  at  one  of  the 
large  ordnance  works  in  France  is 


in  which  p , a,  and  v are  the  same  as  in  the  Gavre  formula,  and 
E — the  thickness  of  plate  in  inches. 

There  have  been  several  competitive  tests  of  armor  plate  both 
in  this  country  and  abroad,  and  in  the  last  year  or  two  American 
plate  has  been  acknowledged  to  hold  a high  place.  Fig.  4 shows 
the  method  of  attaching  the  plate  to  its  backing  for  a trial.  The 
plates  tested  thus  far  have  withstood  the  attack  of  6-inch  and 
8 inch  guns  effectively.  What  the  heavier  calibres  would  do  with 
them  has  not  been  demonstrated  as  yet  by  practical  test  in  this 
country.  Some  idea  of  the  power  of  the  larger  guns  may  be 
had  by  a glance  at  Fig.  5.  The  illustration  is  taken  from  an  ac- 
count of  an  exhibit  made  by  the  Armstrong-Mitchell  Company 
at  the  Naval  Exposition  in  London,  as  given  in  Engineering 
(English).  The  gun  was  an  1 io-ton  rifle,  of  which  full  charge  is 
960  pounds  of  brown  prismatic  powder  and  projectile  weighs 
1800  pounds.  The  life  of  one  of  these  guns  is  about  75  rounds 
(full  charge)  In  this  case  the  muzzle  velocity  was  2105  feet  per 
second,  and  the  total  energy  55,305  foot  tons.  The  illustration 
is  a graphic  delineation  of  the  power  of  this  rifle  The  shot  first 
met  a 20-inch  compound  armor  plate,  then  an  iron  plate  eight 
inches  thick.  Beyond  these  was  a built  up  structure  of  twenty 
feet  of  solid  oak  balks,  then  five  feet  of  granite,  and  back  of  this 
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eleven  feet  of  concrete.  Finally  came  six  feet  of  brickwork. 
The  shot  struck  fairly  in  the  centre  of  the  plate,  traveling  with  a 
velocity  of  2105  feet.  It  went  through  plates,  oak,  granite,  con- 
crete, and  was  finally  brought  up  by  the  bricks,  although  it 
forced  out  a large  wedge  of  brickwork  and  nearly  got  through. 

Ralf  R.  Hillman,  ’91. 


THE  DURHAM  MINES. 

These  mines  and  the  furnace  are  situated  about  a mile  and  a 
half  southwest  of  Riegelsville,  on  the  Delaware  River,  in  Bucks 
County.  They  are  about  ten  miles  from  Bethlehem  across  the 
hills  by  the  way  of  Hellertown.  The  roads  are  generally  good 
and  walking  is  one  of  the  best  ways  of  getting  to  the  mines. 

The  furnace  and  entrance  to  one  mine  are  in  a small  hollow  or 
valley  that  opens  upon  the  Delaware.  The  valley  is  a sort  of 
saddle  of  limestone  between  parallel  ridges  of  gneiss.  A series 
of  these  ridges  of  archaen  rock,  running  nearly  parallel  to  South 
Mountain,  can  be  seen,  intersected  by  the  Delaware  River,  all 
along  between  Easton  and  Durham  Furnace.  South  Mountain 
is  itself  a good  example  of  one  of  these  ridges  of  gneiss  and  it  is 
in  this  gneiss  that  the  magnetite  of  this  region  is  found.  About 
a mile  and  a half  below  Durham  Furnace  the  river  cuts  into  the 
red  shales  and  sandstone  of  the  Mesozoic  rock,  which  forms  a bluff 
a couple  of  hundred  feet  high  along  the  west  bank  of  the  river. 

The  Durham  furnace  and  mines  are  among  the  oldest  in  the 
state.  The  furnace  is  run  according  to  modern  ideas,  but  the  fa- 
cilities for  transportation  are  not  good,  as  all  iron  ore  or  coal 
that  is  to  be  shipped  by  railroad  must  be  ferried  across  the  river. 

The  entrance  to  the  first  mine  visited,  the  Rattlesnake,  is  about 
three  hundred  yards  up  the  hollow  from  the  furnace,  and  the  su- 
perintendent kindly  had  one  of  the  company  locomotives  take  our 
party  there. 

On  the  way  up  one  of  the  men  pointed  out  to  us  the  summer 
home  of  Mr.  Raymond,  the  noted  mining  engineer  and  secretary 
of  the  Institute  of  Mining  Engineers. 

The  mine  is  entered  by  a tunnel  that  goes  directly  into  the  hill. 
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After  getting  candles  and  putting  on  some  miners’  clothes  the 
party  crowded  into  two  small  mine  cars  and  we  began  our  jour- 
ney into  the  mine,  a mule  drawing  our  train. 

The  roof  is  so  low  in  places  that  it  was  dangerous  to  get  the 
head  much  higher  than  the  sides  of  the  car.  The  tunnel,  which 
seemed  very  crooked  at  first,  has  a general  direction  about  par- 
allel to  the  strike  of  the  bed,  i.  e.,  N.  170  E.,  and  goes  through 
the  barren  rock  of  the  hill  for  about  five  hundred  feet  before  it 
strikes  the  north  edge  of  the  bed,  along  the  strike  of  which  it  fol- 
lows to  its  south  limit,  over  a thousand  feet  in  all. 

The  deposit  is  a magnetite  and  occurs  in  two  parallel  beds  with 
nearly  one  hundred  and  seventy-five  feet  of  rock  between.  The 
upper  and  east  bed  is  poor  and  has  not  been  much  worked. 
The  beds  are  in  the  gneiss  of  the  hill  before  mentioned  and  out- 
crop at  the  top  where  they  were  once  worked.  The  dip  of  the 
beds  is  about  330  south-east. 

The  present  working,  which  begins  at  the  south  limit,  extends 
only  about  five  hundred  feet  along  the  strike  of  the  bed,  at  which 
point  there  is  an  extensive  roll  that  changes  the  dip  toward  the 
north. 

The  beds  average  about  eight  feet  in  thickness  and  numerous 
horses  of  rock  are  found,  but  there  is  always  a leader  that  can  be 
easily  followed  and  always  opens  up  again  to  the  full  width  of  the 
bed.  The  superintendent  of  the  mine  told  us  that  where  the  ore 
contained  mica  it  generally  became  poor,  but  where  much  quartz 
was  found  the  opposite  occurred. 

Thirty  or  forty  years  ago  the  deposit  was  worked  from  the 
base  of  the  hill,  along  the  bed  to  near  where  the  tunnel  meets 
it,  and  at  this  point  they  lost  the  seam.  Afterwards  it  was 
mined  at  the  outcrop  on  the  hill  top  by  a slope,  till  the  cost  of 
raising  the  water,  of  haulage,  and  the  poor  ventilation  caused 
them  to  seek  some  other  means  of  attacking  the  deposit.  The 
tunnel  was  then  driven  from  the  base  of  hill  to  meet  the  bed  and 
then  along  the  strike,  passing  about  forty-five  feet  below  the  foot 
of  the  old  slope. 

METHOD  OF  MINING. 

After  the  tunnel  had  been  driven  and  the  ore  taken  out  be- 
tween the  tunnel  and  the  lowest  level  of  the  old  working  above, 
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leaving  a pillar  of  ore  to  support  the  slope,  the  slope  was  con- 
tinued down  the  tunnel  level.  Hoisting  engines  were  put  in  the 
old  slope  and  are  driven  by  air  furnished  from  a compressor  at 
the  tunnel  mouth.  Next  the  slope  was  driven  down  the  bed 
fifty  feet  farther,  and  at  the  bottom  levels  or  gangways  were 
driven  to  the  right  and  left  of  the  slope  along  the  strike  of  the 
bed.  As  soon  as  these  were  driven  far  enough  from  the  slope 
not  to  interfere  with  its  working,  they  began  to  work  the  ore  up 
toward  the  tunnel  or  level  above.  As  the  miners  blast  out  the 
ore,  the  poor  ore  and  rock  of  the  bed,  called  gob,  is  piled  behind 
them,  leaving  a wa>  through  the  gob  by  which  to  slide  down  the 
ore  to  the  gangway  below.  The  passages  are  called  shutes  and 
are  timbered  when  necessary.  (See  Fig.  I .) 


There  is  generally  enough  poor  ore  and  rock  in  the  deposit  to 
fill  the  worked-out  places,  but  where  there  is  not,  rock  is  ob- 
tained from  some  other  place  or  the  roof  allowed  to  cave. 

As  the  men  work  from  one  level  toward  the  next  above  and 
the  ore  between  them  is  taken  out,  the  whole  space  is  filled  in 
with  this  loose  rock  or  gob,  only  leaving  the  shutes  through  it. 
The  upper  side  of  the  gangways  are  timbered  to  keep  the  gob 
from  coming  down  into  them  and  blocking  the  tracks.  As  the 
ore  is  mined  it  is  sent  down  the  shutes  to  the  level  or  gangway 
below  where  it  is  loaded  in  small  cars,  carried  along  the  level  to 
slope,  and  there  dumped  in  the  skips  that  carry  it  up  the  tunnel 
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level  and  dump  it  into  an  ore-pocket.  From  this  pocket  the  ore 
is  run  into  the  cars  and  drawn  by  a mule  out  the  tunnel  to  the 
surface. 

The  skips  are  small  iron  cars,  only  open  at  the  front  end,  and 
are  drawn  up  the  slope  by  the  hoisting  engines. 
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The  gangways  are  driven  about  two  hundred  and  fifty  feet  on 
each  side  of  the  slope,  and  when  all  the  ore  has  been  taken  out 
between  one  level  (gangway)  and  the  one  above,  and  the  worked- 
out  places  packed  with  gob,  the  slope  is  continued  down  fifty  feet 
farther,  new  levels  driven,  and  the  same  operations  again  gone 
through. 
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A pillar  of  ore  is  always  left  along  the  slope  to  protect  it.  The 
lowest  level  is  now  about  one  hundred  and  fifty-feet  below  the 
tunnel  (see  Fig.  2).  Where  cross-sectioned,  it  denotes  that  the 
ore  has  been  taken  out  at  that  place  and  has  been  filled  in  with 
the  loose  rock. 

All  drilling  in  this  mine  is  done  by  round  drills  driven  by  com- 
pressed air.  There  is  also  a pump  at  the  foot  of  the  slope,  and 
this,  too,  is  run  by  compressed  air.  The  water  is  forced  from  the 
bottom  of  the  slope  to  the  tunnel  level,  out  of  which  it  runs  by 
gravity. 

The  ventilation  is  through  the  old  workings,  and  is  caused  by 
the  difference  in  elevation  of  the  two  openings ; namely,  the 
head  of  slope  on  the  top  of  the  hill  and  the  mouth  of  the  tunnel. 

The  men  work  by  candlelight  and  carry  their  candle  in  a ball 
of  putty  which  they  can  stick  on  a rock  or  timber. 

The  only  means  of  getting  from  one  level  to  another  is  by 
ladders.  After  climbing  over  these  for  about  two  hours  we  came 
ba:k  to  the  tunnel  and  found  our  mule-train  waiting  for  us. 

The  next  mine  visited  is  about  a mile  southwest  of  Rattlesnake 
Mine.  On  our  way  there  our  guide,  the  mine  superintendent, 
showed  us  the  outcrop  of  the  bed  of  the  Rattlesnake  Mine  and 
the  old  workings  on  top  of  the  hill.  He  also  pointed  out  to  us 
a field  where  the  Indians  of  the  neighborhood  are  said  to  have 
raised  their  corn,  also  a quarry  where  the  red  jasper  was  obtained 
from  which  the  red  jasper  arrow-heads  of  the  region  were  made. 

The  deposit  of  the  second  mine  visited  seems  to  be  a mass 
deposit  and  is  a hematite  instead  of  a magnetite,  as  is  found  at 
the  Rattlesnake  Mine.  It  consists  of  two  parallel  bodies  of  ore, 
with  a dip  of  about  35 0 at  top,  but  appears  to  flatten  out  as  it  is 
worked  deeper.  One  deposit  is  directly  over  the  other  with 
generally  ten  to  twenty  feet  of  rock  between.  Along  the  strike, 
which  is  north  and  south,  the  body  of  ore  measures  only  about 
eighty  feet  and  each  deposit  has  an  average  thickness  of  twenty- 
five  feet.  In  this  mine  no  horses  of  rock  are  found. 

The  ore  was  first  mined  from  the  outcrop  by  a slope,  but  is 
now  reached  by  a tunnel  driven  from  the  surface  on  the  hillside, 
the  slope  and  old  workings  only  being  kept  open  for  the  sake  of 
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ventilation.  The  tunnel  is  over  thirteen  hundred  feet  long  and 
so  straight  that  any  one  can  easily  see  the  entrance  from  its 
farthest  end. 

METHOD  OF  MINING. 

When  the  tunnel  was  driven,  it  struck  the  upper  part  of  the 
lower  body  of  ore  and  then  a winze  was  driven  up  through  the 
roof  of  the  tunnel  to  the  bed  above.  Also  a cross-cut  is  being 
driven,  at  right  angle  to  the  tunnel,  through  the  rock,  to  connect 
with  the  upper  bed  at  the  elevation  of  the  tunnel.  From  the  point 
where  the  winze  meets  the  upper  body  of  ore,  a slope  was  driven 
up  the  pitch  of  the  deposit  to  connect  with  the  old  slope,  and  at 
certain  distances  (about  fifty  feet)  levels  were  driven  across  the 
deposit  parallel  to  the  strike.  Then  narrow  breasts  were  driven, 
connecting  the  levels  and  cross  headings  connecting  the  breast, 
thus  dividing  the  ore  to  be  worked  into  a number  of  small  blocks. 
The  uppermost  block  nearest  the  old  workings  is  first  mined  out, 
and  the  ore  slid  down  the  breast  to  the  level  below.  It  is  wheeled 
from  there  to  the  slope  and  then  down  the  slope  to  the  winze, 
through  which  it  passes  into  the  cars  below  in  the  tunnel.  As 
the  work  goes  on  the  roof  is  allowed  to  cave  in  as  the  men  work 
back  toward  the  winze.  In  this  method  they  begin  at  the  top 
and  work  down,  while  in  the  Rattlesnake  they  work  from  one 
level  toward  the  next  above  it. 

Most  of  the  drilling  in  this  mine  is  done  by  hand,  as  the  com- 
pressor they  have  is  not  large  enough  to  do  the  work.  No 
pumping  is  needed,  as  the  mouth  of  the  tunnel  is  lower  than 
any  of  the  present  workings.  The  lower  body  of  ore  has  not 
been  worked  much  down  near  the  tunnel,  but  will  be  as  the 
mine  is  extended.  Heber  Denman,  ’92. 


THE  THEORY  OF  CENTRIFUGAL  VENTILATING  FANS* 


Determination  of  their  Forces  and  Dimensions. 

BY  LOUIS  SER. 


TRANSLATED  BY  JOHN  T.  HOOVER. 

III.  DETERMINATION  OF  THE  DIMENSIONS  OF  A VENTILATOR. 

When  we  study  in  a general  manner  the  problem  of  the  de- 
termination of  the  dimensions  of  a ventilator,  we  see  that  the 
equations  previously  established  furnish  fifteen  different  relations 
between  twenty-six  quantities,  volume,  velocity,  pressure,  and 
dimensions  of  the  ventilator.  In  general,  seven  of  the  quantities 
are  known  d,  priori , or  are  determined  directly  from  the  known 
elements  of  the  problem.  It  is  sufficient,  then,  to  chose  properly 
the  angles  p,  0,  and  y,  and  also  the  angular  velocity  u,  in  order  to 
solve  the  problem. 

Instead  of  having  given  the  angle  y,  we  may  have  the  condition 
that  the  jaws  of  the  ventilator  be  plane  and  parallel,  that  is 
bx  — bQ.  This  is  a case  which  we  shall  examine  especially. 

To  calculate  the  principal  dimensions  of  the  ventilator  one 
can  proceed  in  the  following  mariner : 

25.  Interior  Radius  of  Vanes. — The  radius  of  the  vanes  is 
deduced  immediately  from  equations  (44),  giving 

K=r®  (56) 

<j)U 

The  value  of  <p  depends  (43)  on  that  of  the  angles  p and  0,  and  on 
the  ratio  - — = ^ Taking  0 = 90°  and  ^ = 0.75,  we  have  in  the 
limits  the  probable  values  of  p: 

For  p — 30°,  * L = 0.788 

0 

“ P = 45°.  “ =0.737 

“ p = 6o°,  “ - 0.657 

These  values,  as  we  see,  differ  little  from  each  other.  Experience 
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only  can  make  known  the  values  of  p and  <p  which  serve  best  each 
case.  We  can  take,  as  a value  at  least  approaching  the  mean, 

^ i . 

— = 0.737,  which  gives: 

<P 

R*  = 0-737  ^ Q (57) 


This  formula  applies  only  for  e = 90°.  If  this  angle  were  dif- 
ferent, the  coefficient  would  be  greatly  changed.  So  for  e = 250, 
jj  = 0.75,  and  p = 450  we  find 


R0  = 11 


V Q, 


(J 


26.  Radius  of  the  Inlet. — The  radius  of  the  inlet  is  de- 
duced directly  from  R0  by  the  relation  R = fiRQ.  We  have  taken 
H = O.75.  By  the  aid  of  a diagram  we  can  ascertain  if,  with  this 
ratio,  the  joint  of  the  inlet  with  the  origin  of  the  vanes  makes 
the  best  conditions. 

27.  Exterior  Radius  of  the  Vanes. — The  exterior  radius 
of  the  vanes  Rt  is  calculated  by  means  of  equations  (33),  which, 
solved  for  RIt  gives  : 


R1  = R0 


sin  p cos  y 
2 sin  (h  + p) 


+ 


(58) 
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.4  sin2  ( e + p)  sin  (0  + p)_ 
a formula  which  applies  to  all  ventilators  in  which  the  air  enters 
without  shock  and  the  section  between  the  vanes  is  constant.  If 
e = go°,  it  reduces  to 


„ tan  p cos ", 

Ki  -*Vo  1 


/ + 


tan2  p cos2  7 


u2d  /' 


(59) 


Finally,  if  we  further  make  y = go°,  that  is  to  say,  if  the  vanes 
are  radial,  we  have  the  very  simple  formula, 


X<  = ^R02  + 


sE 

u2d 


(60) 


We  see  that  the  radius  Rt  is  always  greater  than  Ra,  as  it 
should  be,  and  that  it  increases  with  the  pressure  to  be  produced. 
To  calculate  it  we  must  know  the  value  of  H.  We  may  have 
two  cases. 

Very  often  we  know  a priori , the  excess  of  pressure  px — p , 
to  be  be  produced  between  the  discharge  port  and  the  admission 
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port  of  the  ventilator,  either  by  former  experiences,  or  by  com- 
parison with  similar  works ; then  we  have  to  employ  formula 
(37):  H(i  — m)  — pa  — pa  h'  — h. 

The  velocities  v and  v'  are  calculated  by  equations  (3)  and  (17), 
and  we  deduce  h and  h'  by  equations  (1)  and  (18).  The  ratio  m 
is  estimated  from  the  efficiency  of  similar  apparatus.  Every- 
thing being  known  in  the  equation,  we  can  then  obtain  the  value 
of  H. 

When  p'  — p is  not  given  a priori , we  take  the  second  relation 
of  (38):  H (r  — ;«)=// — pa  -f-  ch  + c'  h'  -)-  h" . We  know// 
— pa  and  h" , we  calculate  h and  h'  as  above,  and  c and  c'  from 
the  length  and  dimensions  of  the  conduit,  we  estimate  the  ratio 
m,  and  the  equation  then  furnishes  the  value  of  H. 

In  both  cases,  //being  known,  the  general  equation  (58)  finds 
the  value  of  R. 

In  the  particular  cases  specified,  we  must  employ  the  more 
simple  relations  (59)  or  (60). 


28.  Width  of  Vanes. — The  width  bQ  of  the  vanes  at  the  en- 
trance is  deduced  from  equations  (7)  and  (8)  combined ; we  find 
2 7r  RQ  bQ  v0  sin  p = , rf  R02  v0,  from  which 


R = 


2 sin  p 


(61) 


If  we  make  ^ = 0.75  and  p = 45 °,  we  find  bQ  = 0.3987  R0  or  ba 
— 0.4  R0.  If  / = 0.7,  we  have  bQ  = 0.5  R0. 


To  realize  the  condition  w1  = w0,  that  is,  to  maintain  the  sec- 
tion constant  between  the  vanes,  it  is  sufficient  to  change  their 
width  according  to  the  distance  from  the  centre  of  rotation.  The 
width  bt  at  the  extremity  is  obtained  by  combining  equations  (8) 
and  (4) : 

2 tt  R0  ba  vQ  sin  p — 2 7T  Rj  w,  Z,  sin  7 ; then  1 o : 


(J  Rq 


Sln  6 , / s , , s o sin  p 

and  (11)  and  (24):  w1  = wQ  — ll>  R0 


’ sin  (d  + p) 

substituting  R0  bQ  sin  d—Ribj  sin  7,  whence 

Ra  sin  e 


R = bQ 


Rt  sin  7 


sin  (0  + p)  ’ 
(62) 


In  general,  calling  x the  width  at  a distance  y from  the  axis, 
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the  curve  of  the  wings  making  at  this  point  an  angle  a with  the 
circumference,  we  have 

, sin  e 

X—  b0 : — , 

y sin  * 

the  equation  of  a hyperbola  when  the  angle  * is  constant ; thus 
the  vanes  ought  to  have  laterally  a hyperbolic  form.  Generally 
the  portion  of  the  hyperbola  used  is  approximately  a right  line, 
and  the  surface  of  the  vanes  is  a trapezium  of  which  the  sides 
are  ba  and  bx  and  their  distance  Rx  — Ra. 

For  a ventilator  with  radial  vanes,  6 = go°,  go°,  we  have 

* = (64) 

and  in  general,  at  a distance^  from  axis, 

(65) 

29  Velocities  and  Pressure. — The  velocities  and  pressures 
in  the  different  sections  of  the  circulation  are  deduced  immedi- 
ately from  one  of  the  equations  established  in  the  general 
theory : 

v and  v'  are  given  by  equations  (3)  and  (17), 

v0  by  equation  (10), 

wt  = w0  by  equation  (1 1), 

vz  by  one  of  the  equations  (13)  or  (26). 

The  differences  of  pressure  are  obtained  thus: 
pa  — /by  equation  (2), 
p — pa  by  equation  (4), 

/x  -j-  f — pQ  by  equation  (36),  and  as  f—  mH  is  known,  we  have 

Pi  po- 

p'  — /,  is  calculatet  by  equation  (16), 
p' — p"  is  calculated  by  equation  (19), 

We  can  verify  by  equation  (21)  the  value  of  p" — pj  found. 

30.  Case  Where  the  Canals  are  Plane  and  Parallel. — 
One  is  led  sometimes  to  make  the  canals  of  the  ventilator  plane 
and  parallel  for  facility  of  construction,  so  that  bx  — bQ.  We  can 
in  this  case  maintain  the  section  constant  between  the  vanes  in 
several  ways. 
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One  of  the  most  simple  is  shown  in  Fig.  4;  each  vane  is 
formed  of  three  sides  in  triangular  shape,  forming  a closed  space 
in  which  there  is  no  circulation  of  air.  Making  the  sides  of  the 

changing  canals  parallel,  the 
section  is  constant. 

The  axis  of  the  canals  may- 
be directed  radially,  or,  indeed, 
to  make  an  angle  more  or  less 
pronounced,  in  order  to  give 
a determined  direction  to  the 
velocities  of  entry  or  dis- 
charge. 

By  replacing  the  vane  of 
uniform  thickness  with  one  of 
triangular  shape,  we  change 
the  value  of  the  angles ; but 
the  alteration  is  hardly  per- 
ceptible if  the  number  of  vanes 
is  large  enough. 

We  can  still  realize  simultaneously  the  two  conditions  bt  = ba 
and  zl\  = wQ  by  making  the  vanes  arched,  following  a curve  (see 
Fig.  5)  such  that  the  distance 


between  the  vanes,  measured  ~p  j ' £ 

normally,  remains  constant  J 

from  the  origin  to  the  exterior 
circumference. 

If  in  equation  (62)  we  make 
b1  — b0,  then  Rx  sin  7 = R0 
sin  e. 

Generally,  for  any  point  of 
the  curve  situated  at  a dis- 
tance y from  the  centre,  we 
find,  calling  * the  angle  which 
a tangent  to  the  curve  makes 
with  the  normal  at  oM, 
y sin  cr.  — R0  sin  e ==  con- 
stant, (66) 

an  equation  which  applies  to  the  development  of  a circle,  of 
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which  the  radius  r of  the  circle  of  the  base  is 

r — R0  sin  e.  (67) 

The  calculation  of  Rz  such  as  we  have  given  above  in  Section 
27,  supposes  that  we  know  the  angle  7.  In  the  case  where  the 
vanes  are  drawn  along  a development  of  a circle,  this  angle  is  not 

known;  it  is  given  by  the  relation  sin  7=  sin  e and  depends, 

-*'-I 

as  we  see,  on  Rt.  To  calculate  RT  we  must  eliminate  7. 

Let  us  consider  only  the  case  where  0 — go° ; we  have  then 
the  two  equations, 


H = u — {Rp  — Rp — Ri  R0  tan  p cos  7)  (34)  and 


• v ^0 

sin  7 = -=-• 
R 1 


I R 2 1 

We  get  from  this  last,  cos  7 = ± H / — -~-a  z=  ±—  j / Rp  — Rp. 

Substituting,  we  have 

H — {Rp  — R0 2 ± tan  p -[/  Rp  — R02),  whence 

<:> 

o-H 

Rp  — Rp  — R0  tan  p \/Rp  — R02  — -2  , = 0,  and 

0)  cl 


VR?=R}  = ± A*-'1™*  + if 

2 \ 4 o2a 

o 2 p a _ RP  tan  p Rf  tan  p ^ gH  ± 

4 4 (s^d 


R0  tan  p 


and  finally, 


\ 


Rp  tan  p t gH 
4 + fd’ 


R,  = Rj(1+l^)+fd±Rjanfl^ 


Rjtan’^gH 

4-  D Cl 


When  the  ventilator  turns  so  as  to  push  the  air  with  the  con- 
vexity of  the  vanes,  7 is  less  than  go°  and  cos  7 is  positive.  On 
the  contrary,  if  the  vanes  push  the  air  with  their  concavity,  7 is 
greater  thad  90°  and  cos  y is  negative. 
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If  p = 45°,  we  have  Rp  = I Ra2  -f  R0 — -f^fand the 

u cl  \ 4 <■> « 

velocity  of  discharge  is,  from  equation  (27),  /3  = 45 0 and  cos  7 = 
± \/Rp  — R},  v2  = J {R2  + R2^  2 R0 i/R2  — R02).  _ 

We  use  the  sign  =t=  (minus  or  phis')  in  this  formula,  as  the  vanes 
push  the  air  with  their  convexity  or  concavity. 

Ti(j.  6. 


31.  Form  of  the  Envelope. — The  envelope  of  the  ventilator 
should  have  a form  such  that  the  velocity  shall  be  constant  or 
slightly  increasing,  and,  further,  it  ought  to  open  into  the  con- 
duit of  compression  in  a fixed  direction. 

Let  NN'  (Fig.  6)  be  this  direction,  and  6 the  angle  which  the 
velocity  of  discharge  vx  makes  with  the  tangent  at  the  exterior 
circumference.  This  angle  is  given  by  the  relation 

zl'z  sin  <5 

vz  sin  7 

To  get  the  point  P,  the  origin  of  the  spiral  which  should  form 
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the  envelope,  it  is  enough  to  produce  OK  perpendicular  to  NN', 
and  the  ray  OP  making  with  OK  the  angle  d gives  the  point  P. 
The  section  ^ at  the  entrance  to  the  compression  conduit  is 


If  the  section  of  the  envelope  is  rectangular  and  the  width  E , 
which  is  determined  from  that  of  the  vanes,  constant,  we  find  the 

height,  L = QQ1,  of  the  rectangle  by  the  relation,  L = 

In  order  that  the  velocity  in  the  envelope  may  remain  con- 
stant, the  section  X,  in  any  point  must  be 

X = 12,  -E-. 

2 7T 

« being  the  angle  MOP. 

When  the  width  of  the  envelope  is  constant  and  equal  to  E, 
the  height  of  the  spiral  measured  on  the  prolonged  radius  is 

MM'  = L — . 

2 7T 

We  can  thus,  by  giving  to  « a succession  of  values,  determine 
as  many  points  as  we  wish  of  the  curve  and  can  trace  it  exactly 
from  the  point  P to  the  point  G,  so  that  PG  = L. 

The  trace  of  the  spiral  by  points  can  be  replaced  by  that  of 
the  volute  which  is  obtained,  as  we  know,  by  means  of  four  arcs 
of  a circle  having  for  centre  successively  the  corners  a,  b,  c,  d of 
the  square  of  which  the  side  equals  i L. 

To  end  the  envelope,  we  draw  PQ  and  P'Q'  parallel  to  NN' 
and  at  a distance  QQ'  = Z,  which  gives  the  position  of  the  com- 
pression conduit.  The  spiral  meets  the  line  P'Q'  in  a point  E 
and  makes  with  it  an  angle  more  or  less  obtuse.  In  order  to 
avoid  back  pressure,  it  is  best  to  join,  by  a very  long  curve, 
DHQ' . In  QQ'  is  the  orifice  of  discharge  from  the  envelope  of 
which  the  section  is  ft,  and  in  which  the  pressure  is  px  and  the 
velocity  vt. 

We  can  now  determine  the  envelope  by  drawing  from  the 
points  Zand  D the  right  lines  Pq  and  Dq' , a little  inclined  to 
NN' , and  prolong  them  until  their  distance  qq' , measured  normal 
to  NN' , is  equal  to  PG  or  Z. 
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Finally  we  round  off  the  beveling  at  Py  which  would  produce 
a disagreeable  noise,  by  means  of  a joint  properly  rounded. 

The  direction  of  tne  velocities  at  the  discharge  from  the  vanes 
tends  to  throw  the  current  against  the  interior  sides  of  the  en- 
velope, which  ought  to  generate  a motion  of  the  fluid  filament 
coming  from  the  anterior  parts  of  the  circumference.  For  this 
reason  it  would  be  more  advantageous  to  give  to  the  spiral  a 
form  a little  more  eccentric  which  would  increase  slightly  the  sec- 
tion, would  gradually  reduce  the  velocity  and  would,  in  a certain 
case,  facilitate  the  joining  with  the  compression  conduit. 

This  increase  of  section  could  also  be  obtained  by  a gradual 
increase  in  width  of  the  envelope,  so  as  to  terminate  regularly  in 
a square  or  round  orifice.  It  is  for  experience  to  speak  on  this 
subject. 

The  joint  with  the  conduit  should  be  made  with  a very  long 
truncated  conical  pipe  to  avoid  back  pressure.  The  angle  of  the 
cone  should  be  that  which  gives  to  the  fluid  vane  the  form  of 
expansion  which  it  tends  to  take  normally;  that  angle  seems  to 
be  about  8°,  corresponding  to  an  inclination  of  f to  the  metre. 

From  this,  to  pass  from  the  section  Qj  of  the  compression  con- 
duit, we  must  have  a space  / between  the  two  sections  given  by 
the  relation  D'  = Dt  + j l,  D'  and  Z>,  being  diameters  or  sides  of 
squares  corresponding  to  o!  and  a,.  Whence,  l—  y{Dr — D *). 

32.  Application. — Let  us  apply  the  preceding  formulae  to 
calculate  the  dimensions  of  a ventilator  under  the  following  con- 
ditions : 

The  ventilator  must  inhale  in  one  second  a volume  of  10  cubic 
metres  of  air  at  150  through  a conduit  two  metres  in  diameter 
and  45  metres  long,  and  discharge  it  into  another  of  one  metre 
diameter  and  57.5  metres  long,  terminated  by  one  or  more  open- 
ings through  which  the  air  must  escape  with  a velocity  of  24 
metres. 

The  difference  of  the  extreme  pressures,  /V  — /«,  between  the 
room  where  the  ventilator  discharges  and  that  wheie  it  exhausts 
is  0.02  metre. 

First  we  calculate  H.  Let  us  use  the  relation 

H(  1 — ///)  = pj  — pa  + ch  -[  c'h'  + h" . 
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We  find  successively 

o = 3*1419  mq.\  v—  3.1828  in. ; h =0.0006331; 
0=0.7850  mq.\  1/—  12.73885  in. ; /*'=  0.010 1424 ; 

i/'=  24  7 n. ; W—  0.0360000. 

To  calculate  the  resistances,  let  us  take  A"=o.oi  as  the  co- 
efficient of  friction  applying  to  a conduit  of  which  the  sides  are 
rather  rough. 

c = - 0.9  ; ch  = 0.0005697  ; 

. 4KL!  ... 

^=^T=  2.3;  c’h'—  O.033275. 

Substituting  in  this  we  get  H(i  — m)  = 0.0798972,  or  in  round 
numbers,  H{i  — in)  — 0.8,  which  comes  by  calling  pa-  — pa  — 
0.0201028. 

Calling  111  = 0.2,  we  have  f=  0.02  and  H — 0.1. 

For  difference  of  pressure  at  different  points, 
pa — p = (c- 1-  i)h  = 0.0012027, 
p'  — p"  = c'h'  = 0.0233275, 
p"  — pj  — h"  — h'  — 0.0258576, 
and  as  p' a — pa  = 0.201028,  we  have  by  adding  the  four  equations, 
p'  — p = 0.0704906. 

This  is  the  difference  of  pressure  between  the  orifice  of  dis- 
charge and  of  entry  of  the  ventilator,  properly  speaking. 

As  a verification  we  have 

p -)-  f — p — )-  h — h = H = o.  1 . 

All  these  elements  are  applied  in  constructing  a ventilator, 
whatever  may  be  the  velocity  of  rotation  which  we  give  to  it. 

Let  us  calculate  the  dimensions  of  the  ventilator  for  an  angular 
velocity  of  u=  50,  corresponding  at  475  or  480  revolutions  per 
minute.  We  find  successively  by  formulae  of  Section  25  and 
following  sections : 

The  interior  radius  R0  of  the  vanes  (57), 

p y-Q 

^0=0.737  K - = 0.431  m. 

The  radius  R of  the  inlet, 

R = o.7S  r°  = 0.323  in. 
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The  exterior  cadi  us  Ax  (60), 


R1=^R*  + ^L  = 0.7lim. 

The  width  b0  of  the  vanes  at  the  entrance  (61), 
bQ  = 0.4  R0  — o.  1 72  m. ; 

The  width  bz  at  the  discharge  (64), 

, z R0 

bj  = b0^~  — o.  1 04  m. 

We  deduce  the  following  from  the  preceding  numbers  or  from 
the  formulae  of  Section  13  and  following  sections: 

Velocity  at  interior  edge  of  vanes, 

uR0  = 21.55  m- 

Velocity  at  extremity  of  vanes, 

= 35-55 

Velocity  of  entrance  vQ  into  eye, 

<j  Ro 

v0  — = 30.47  m. 

0.7071 

Relative  velocity, 

wa  =wt  = oR0  = 21.55  m- 
Velocity  of  discharge,  vT, 

vI—u  \/R<?  + Rb2  = 41 .58  m., 
whence  we  deduce  the  section  of  discharge, 

Q 

S2X  = — = 0.2405  iuq. 
v0 

which  corresponds  to  a diameter  Dr  = 0.5532  m. 

The  distance  b between  the  two  ox  and  q1  is 
1=7  ( D 1 — Dj)  = 3.1276  m. 

Finally  we  find  for  the  pressure  by  means  of  formulae  of  Sec- 
tion 20  and  following  sections  : 

Decrease  of  pressure  in  the  inlet, 

— {vo2  — O = 0.05  74 1 6. 

2g 

Difference  between  envelope  and  inlet, 

A H-/— A = ° 05 

and  as  f — 0.2  H = 0.02,  /x  — pa  = 0.03. 
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Increase  of  pressure  after  the  envelope, 

pl  — pi—  — ( vp  — v2)  — 0.097906, 

2S 

from  which,  adding  algebraically,  we  get 

— p — 0.070049. 

If  we  add  to  this  value  of  (p1  — p)  the  loss  of  force  f=  0.02  m., 
and  the  difference  {h1  — h — 0.0095 1),  we  have  as  proof, 

H — p1  — / + /+  h1  — h = 0.1  m. 

It  would  probably  be  advantageous,  as  we  have  already  said, 
in  order  to  facilitate  the  motion  of  the  air  in  the  envelope,  to 
have  the  widening  of  the  spiral  begin  at  its  origin.  By  taking, 
for  reasons  shown  above,  the  regular  increase  of  | per  metre  of 
development,  we  find  that  the  height  of  the  nozzle  at  the  dis- 
charge would  be  increased  by  1X0.711  X 6.28  = 0.637.  The 
total  height  would  be  Z = 0.553  + 0.637  = 1.29.  The  width 
would  give  us  with  the  same  expansion,  £—  0.104  + 0.637  = 
O.741,  which  would  give  a section,  Qj  =0.95589,  greater  than  the 
section  of  the  compression  conduit,  which  is  equal  to  0.785. 

By  reducing  a little  the  expansion  of  the  spiral,  we  would 
easily  make  an  exact  fit  of  the  envelope  to  the  compression  con- 
duit. 

The  same  calculations  for  angular  velocities  of  w=  10  and 
0=100  corresponding  to  the  number  of  revolutions  95.5  and 
955  per  minute  give  the  results  which  are  united  to  the  preceding 
in  the  following  table.  We  can  thus  show  the  influence  of  the 
velocity  of  revolution  on  the  dimensions  of  a ventilator  to  be 
constructed  and  can  compare  the  velocities  and  intermediate 
pressures. 

Result  of  calculation  of  elements  of  ventilators  capable  of  furnish- 
ing for  different  angular  velocities  a volume  of  air  Q—  to  me  with 
a pressure  H — 0.1  m. 

Angular  velocities  : w=  10  in.,  u = 50  m.,  n — 100  m. 

No.  of  revolutions  per  minute  : N—  95.5  t.,  N=  ^.yy.^t,  N—  955  t. 


Dimensions. 


R0 

0.737 

0.431  m. 

0.342  m. 

R 

0-553  “ 

0.423  “ 

0.256  “ 

Ri 

2.923  “ 

O.71 1 “ 

0.444  “ 

b0 

0.295  “ 

0.172  “ 

0.137  “ 
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Dimensions. 


0.074  in. 

0.104  m- 

0.105  in. 

0.332  mq. 

0.2405  mq. 

0.1784  mq. 

A 

0.650  in. 

O.553  m- 

0.476  in. 

Velocities. 

V 

3.183  in. 

3.183  in. 

3.183  in. 

Vo 

10.423  “ 

30.477  “ 

48.360  “ 

U'o  = 

Wi  7.370“ 

21.550  “ 

34.^00  “ 

Vi 

30.143  “ 

41.578  “ 

00 

M 

O 

VO 

VJ 

12.739  “ 

12.739  “ 

12.739  “ 

u PQ 

7-370  “ 

21.550  “ 

34.200  “ 

u Ri 

29.230  “ 

35-550  “ 

44.380  “ 

Vi 

u 

1-031  “ 

1 . 1 69  “ 

1.262  “ 

Pressures. 

it1  — h 

0.0095  1 1 n. 

0.0095  1 in. 

0.0095 1 in. 

Pa—P 

0.00120  “ 

0.00120  “ 

0.00120  “ 

P—Po 

0.00616  “ 

0.05742  “ 

0.14557  “ 

pi  po 

0.03000  “ 

0.03000  “ 

0.03000  “ 

P'—Po 

0.04665  “ 

0.09791  “ 

0.18606  “ 

pi—p 

0.07049  “ 

0.07049  “ 

0.07049  “ 

p'—p" 

0.02333  “ 

0.02333  “ 

0.02333  “ 

P"~Pa 

0.02586  “ 

0.02586  “ 

0.02586  “ 

Verifications. 

H — p'  +/ — p -\  h!  — h o.  i oooo.  m.  o.  I oooo  in.  o.  i oooo  m. 

An  examination  of  the  figures  in  the  table  shows  that  for  the 
same  volume  and  the  same  total  pressure  the  dimensions  differ 
greatly  according  to  the  velocity  of  rotation,  and,  naturally,  the 
radii  of  the  vanes  are  greater  as  the  angular  velocity  is  smaller. 

We  know  also  that  for  the  same  pressures  of  entrance  p and 
of  discharge  p\  the  intermediate  pressures  of  p0  and  /,  are  very 
different.  This  is  shown  by  the  diagram  of  Fig.  7,  which  shows 
for  the  three  angular  velocities  considered  the  variations  of  pres- 
sure in  the  circulation  for  corresponding  ventilators. 

The  line  MN  represents  the  pressure  at  the  origin  pa ; it  is 
parallel  to  the  axis  of  abscissas  which,  on  account  of  the  scale 
adopted,  can  not  be  shown  on  the  figure  (for  the  normal  pressure 
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7>a  — 10.334,  this  axis  would  be  placed  at  2.5 Sin.  below  MN.). 
We  have  taken  at  equal  distance  points,  a b c d e f and  on  the 

corresponding  ordinate 
P,Y  1 have  laid  off,  starting  at 

(/  _ MN.  lengths  proportion- 

/a.TT<XflOnS  ’ t>  r r 


J2 tolqt attj  o-f  the 

J in  'pressure. 
Stale  L Ary  er, 


al  to  the  differences  of 
pressure,  p — pa,p0  — pa, 
pt  — pa,  etc.,  above  or  be- 
low MN  as  they  are  -f- 
or  — . 

Joining  all  the  joints 
thus  determined  by  right 
lines,  we  have  a broken 
line  which  represents  the 
variations  of  pressure  in 
the  circulation. 

The  broken  line  a b 
c d e f corresponds  to 
an  angular  velocity  u = 
50 ; the  two  others  re- 
spectively to  angular  ve- 
locities u—  10  and  <j  — 
100. 

We  see  that  the  variations  of  pressure  are  greater  as  the  vel- 
ocity of  rotation  is  greater. 

This  example  suffices  to  show  the  course  to  be  followed  for  the 
calculations  for  a ventilator  in  any  case. 


PROCEEDINGS  OF  THE  ENGINEERING  SOCIETY  OF  LEHIGH 

UNIVERSITY. 

Regular  monthly  meeting  called  to  order  7.30  P.M.,  February 
26.  President  Coleman  in  the  chair  and  19  members  present. 
Minutes  of  last  meeting  read  and  accepted.  Mr.  A.  S.  Maurice, 
of  the  Banquet  Committee,  reported.  Trip  of  inspection  was 
discussed.  Paper  on  Gas  Holders  was  read  by  Mr.  Rathbun,  fol- 
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lowed  by  a discussion.  On  motion  a committee  was  appointed, 
consisting  of  Mr.  W.  R.  Davis,  Mr.  Bray,  and  Mr.  McKenzie. 
Mr.  A.  S.  Maurice  exhibited  a model  of  Hawkesbury  Bridge 
caisson.  On  motion  meeting  adjourned. 

Gymnasium,  March  24,  1892.  Regular  monthly  meeting. 
Meeting  called  to  order  at  7.30.  President  Coleman  in  the  chair, 
28  members  present.  Minutes  of  the  last  meeting  were  read  and 
accepted.  The  following  trips  were  arranged : Visit  to  Egypt 
Cement  Works,  March  25,  and  visit  to  Chapman  Quarries,  April 
9.  Lecture  by  Mr.  John  W.  Eckert  postponed.  Time  of  next 
monthly  meeting  placed  at  April  21.  Mr.  McCaskey  discussed 
the  method  of  stripping  anthracite  coal.  The  Committee  on 
Rail  Bending  reported.  Mr.  Coleman  exhibited  some  mineral 
wood  and  discussed  its  qualities.  The  president  also  made  some 
experiments  on  wooden  beams,  showing  that  time  was  an  im- 
portant factor  for  rupture.  Meeting  adjourned. 

March  25,  1892.  Trip  of  Inspection  to  Egypt  Cement  Works; 
32  members  made  up  the  party.  The  party  was  met  by  Mr. 
Eckert,  who  thoroughly  explained  their  method  of  making 
cement. 


EDITORIALS. 


THIS  number  of  The  Quarterly  should  be  especially  interest- 
ing to  the  student  body,  both  because  of  the  excellence  of  the 
articles  and  by  reason  of  its  being  essentially  a Lehigh  number. 

WE  are  glad  to  see  that  an  interest  in  this  youthful  journal  is 
being  manifested  by  the  alumni.  They  are  beginning  to 
display  their  generosity  of  spirit,  and  their  affection  for  their  Al- 
ma Mater,  by  contributing  exceedingly  interesting  articles  for  the 
edification  of  the  undergraduates,  and  all  other  subscribers.  Our 
grateful  acknowledgments  are  extended  to  all  who  have  con- 
tributed to  render  our  tasks  in  this  work  easier  and  more  agree- 


FTER the  next  issue,  the  control  of  The  Quarterly  passes 


on  to  other  hands.  Who  the  editors  will  be  for  next  year 
can  not,  at  present,  be  told,  for  no  election  has  as  yet  been  held. 

But  whoever  they  are,  theirs  will  be  the  duty  of  taking  up  the 
work  where  we  have  left  it,  and  of  seeking  in  every  way  to  make 
such  improvement  as  will  tend  to  elevate  The  Quarterly  to  the 
very  highest  standard  of  excellence. 

They  will  find  many  of  the  difficulties  removed  which  at  first 
beset  us,  and  the  obstacles  which  they  must  themselves  encounter 
can  only  be  entirely  removed  by  the  hearty  cooperation  of  our 
alumni. 

STUDENTS  are  proverbially  thoughtless  fellows,  and  fre- 
quently commit,  in  their  hours  of  idleness,  little  indiscre- 
tions which  may  pardonably  be  passed  over  without  severe 
criticism.  The  time  honored  custom  of  “collecting”  signs,  for 
instance,  has  always  been  considered  by  the  Freshmen,  and  by 
even  wiser  men  than  they,  as  an  inordinately  delightful  pastime, 
while  the  shopkeepers,  poor  men,  have,  not  without  reason, 
looked  upon  it  as  the  most  pernicious  practice  ever  indulged  in. 
This  and  similar  indiscretions  we  term  “acts  of  thoughtlessness,” 
believing  that  the  offenders  have  made  reparation  for  the  damage 
“ in  the  morning.  ” 
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But  there  are  other  deeds  of  a far  more  serious  character  com- 
mitted, especially  at  the  time  of  a class  supper,  by  rattle-pated 
fellows.  Such  deeds  might  becomingly  bear  the  name  of  “van- 
dalism,” and  can  not  be  too  severely  censured.  We  refer  to  a cir- 
cumstance which  happened  last  Winter,  when  a party  of  students 
were  returning  from  a class  banquet.  The  signaling  lanterns  of 
the  Lehigh  Valley  Railroad  were  tampered  with  and  misplaced, 
and  might  have  been  the  cause  of  a more  serious  accident  than 
that  of  inconveniencing  a signalman.  Such  pranks,  having  noth- 
ing to  recommend  them,  should  be  discontinued  in  future. 

THE  appointments  for  Commencement  have  at  last  been  made, 
and  with  what  a comfortable  sense  of  relief  must  the  Faculty 
now  be  blessed,  since  they  have  procured  such  enthusiastic 
speakers  to  officiate  on  that  august  occasion. 

Graduation  Day  is  undoubtedly  the  most  notable,  the  most  in- 
teresting, and  the  most  significant  day  in  the  whole  four  years  of  a 
class’  career,  and  the  feature  of  greatest  importance  on  that  day, 
next  to  the  distribution  of  diplomas  and  prizes,  is  the  delivery  of 
the  speeches.  That  these  should  be  such  as  to  reflect  credit  up- 
on the  University  and  also  to  redound  to  the  glory  of  the  class  is 
apparent  to  all,  and  we  are  sure,  in  this  case,  that  the  gentlemen 
appointed  as  the  prospective  speakers  will  make  an  effort  to  ex- 
ceed our  present  anticipations. 

However  great  the  success  which  will  this  time  result  from  the 
Faculty’s  choice  of  orators,  we  will  venture  on  a few  remarks 
about  the  methods  of  making  such  appointments  in  future. 

There  was  a difficulty  in  obtaining  men  to  speak,  and  there  is 
no  reason  why  the  same  difficulty  will  not  always  exist.  The 
class  is  the  interested  party,  or  would  be,  had  it  any  voice  in 
choosing  by  whom  it  should  be  publicly  represented  on  the 
speaker’s  rostrum. 

As  it  is,  the  method  of  appointment  now  in  vogue  is  to  choose 
the  men  of  best  standing  in  the  different  courses,  the  salutatorian 
being  usually  taken  from  the  Classicals.  This  method  is  faulty  in 
many  respects — not  theoretically,  perhaps,  but,  at  least,  it  is  so 
practically.  In  the  first  place,  there  is  no  sufficient  reason  why 
“first  standing”  men  should  be  good  orators;  on  the  contrary, 
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they  usually  are  not,  and  being  conscious  of  their  own  inability 
they  politely  urge  it  as  an  excuse  for  their  non-acceptance  of  the 
Faculty’s  invitation.  This  necessitates  the  asking  of  some  one 
else  to  take  the  first  man’s  place.  The  second  choice,  if  he  has 
an  overamount  of  pride,  likewise  refuses,  and  so  the  invitation 
passes  on  from  man  to  man  until  one  is  found  who  is  satisfied 
with  his  own  powers. 

In  the  second  place,  the  class  might  assist  in  the  election  of  its 
speakers,  for  wre  know  ourselves  and  each  other’s  accomplish- 
ments better  than  the  Faculty  possibly  can,  and  would  be  more 
apt  to  choose  representative  orators,  who  would  not  refuse  to  act. 

So  long  as  the  custom  is  a success,  it  will  be  well  to  continue 
it,  but  abandon  it  altogether  rather  than  it  should  become  a fiasco, 
and  than  it  should  lose  its  interest. 


WAIFS  AND  STRAYS. 

U'T'HE  dead  level  of  mediocrity.”  How  difierently  we  hear  that  expression  used 
and  to  what  different  meanings  does  the  last  word  lend  itself.  When  it  is 
replaced  by  its  synonym  middle,  or  mean,  it  is  generally,  or  at  least  often,  “the  golden 
mean”  that  we  speak  of.  But  why  golden  ? Why  not  leaden,  iron,  or  aluminum  ? 
Surely  because  the  qualifying  adjective  must  imply  some  particular  value,  some  espe- 
cial worth  in  the  eyes  of  the  one  who  uses  the  word.  It  is  evident  that  there  can  be 
but  three  genera]  classes — those  who  are  above  the  mean,  those  who  have  reached  it, 
and  those  who  have  not ; and  we  must  admit  that  the  latter  class  is  the  one  from 
which  so  much  has  come,  that  it  is  in  favor  of  this  middle  position.  For  there  are 
many  who  undoubtedly  believe  that  it  is  never  right  to  be  an  extremist,  or  in  fact 
hardly  in  advance,  of  the  great  majority.  Are  we  then  left  to  infer  that  most  people 
belong  to  the  third  class  ? (for  it  is  not  necessary  in  a mathematical  demonstration  that 
a majority  should  agree  with  the  average.)  Surely  the  man  who  occupies  a high  posi- 
tion does  not  envy  the  man  who  holds  alow  one  — at  least  for  his  position — and 
human  nature  is  such  that  few  men  are  satisfied  with  their  present  condition;  so  we  are 
left  to  the  conclusion  that  the  present  exalted  place  which  the  golden  mean  occu- 
pies in  the  popular  mind  is  due  to  those  who  have  not  reached  it. 

Some  would  have  us  believe  that  in  material  things  we  should  endeavor  to  reach 
this  end  at  once  and  deposit  everything  in  one  general  pile  from  whence  it  would  be 
redistributed  share  and  share  alike.  There  might  be  a greater  inducement  than  now 
exists,  to  try  it,  if  there  were  any  proof  that  things  would  not  immediately  tend  to  re- 
turn to  their  former  state.  There  is  a fundamental  rule  in  mathematics  which  states 
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that  things  which  are  true  all  the  way  as  they  approach  their  limits  are  also  true  at 
the  limits,  and  if  we  apply  this  to  the  same  state  of  affairs  that  looks  toward  a golden 
mean  in  everything,  what  would  be  the  result  ? Why  then  we  must  reason  that  if  it  is 
a good  thing  for  men  to  have  equal  shares  of  money  and  land,  it  must  also  be  good  for 
them  to  share  in  other  things.  Well,  suppose  they  did  and  every  man  had  just  so  many 
suits  of  clothes  (or  it  might  in  this  case  be  only  a fraction  of  a suit  when  every  one 
had  his  share),  so  many  pairs  of  shoes,  so  many  hats,  so  many  acres  of  land,  and  so 
many  acres  of  water,  in  fact  his  portion  of  everything;  what  would  be  the  result  ? Hav- 
ing a share  in  everything,  what  would  he  attempt  to  do  at  first,  or  at  all,  what  could 
he  do  well;  what  could  he  be  other  than  a jack-of-all-trades,  and  a poor  one  at  that? 
( For  we  do  not  find  many  admirable  Crichtons  even  in  our  day.)  The  result  would  be 
nothing  less  than  stagnation — stagnation  of  the  worst  kind,  for  there  could  be  no  ex- 
changes made,  or  the  whole  scheme  would  soon  be  nullified.  It  would  be  “the  dead 
level  of  mediocrity.” 

Nature  could  not  continue  her  work  any  more  than  man,  if  this  rule  be  applied  to 
her.  There  would  be  no  power,  no  force,  and  no  need  of  any,  for  the  great  plan  of 
equalization  would  have  left  no  room  for  further  changes.  A difference  of  tempera- 
tures is  necessary  before  heat  can  be  given  and  received,  and  when  the  final  mean  is 
reached  for  all  the  bodies  in  the  universe,  it  will  be  a useless  because  a uniform  tem- 
perature, and  all  natural  things  will  settle  down  for  a long,  last  sleep.  Nature  shows 
us  that  things  were  created  with  a difference,  and  observation  leads  us  to  the  same  con- 
clusion about  men.  All  civilization  has  tended  to  make  man  more  dependent  upon 
his  fellow  man  and  to  emphasize  the  fact  that  the  race  has  reached  a point  when 
men  must  separate  if  they  would  progress.  That  is,  one  man  should  not  be  content 
to  plod  along  as  he  sees  others  doing,  if  he  is  able  to  pass  them.  Hamerton  says  that 
Leonardo  da  Vinci  was  the  only  man  who  came  near  having  a complete  education, 
but  that  such  a person  would  be  impossible  to-day  because  the  specialists  have  gone 
too  far  for  him.  In  attainments  at  least  it  would  be  suicidal  to  attempt  to  follow  him 
in  our  time,  for  the  field  has  both  widened  and  lengthened.  Let  there  be  distinctions 
(as  there  always  will,  however  much  we  may  declare  there  is  not),  for  without,  very- 
much  of  the  incentive  for  our  best  work  is  gone. 


ORIGINAL,  AND  GOOD. 

FROM  a small  pamphlet  entitled  “ Something  about  Trombones”  there  is  extracted 
a few  interesting  facts  about  this  musical  instrument,  so  intimately  connected  with 
the  Moravian  Church  in  Bethlehem.  No  one  who  has  ever  heard  them  can  forget 
the  weird  sweetness  of  the  music  as  it  floats  from  the  tower  of  the  old  church,  mark- 
ing the  passage  of  some  soul  into  the  next  world,  or  the  tone  of  exultation  with  which 
they  announce  the  early  Easter  morning.  To  the  new  student  they  are  a surprise, 
and  when  as  graduate  he  leaves  the  old  town  of  Bethlehem  there  is  still  the  memory 
of  the  trombones.  The  trombones  seemed  to  have  been  used  for  the  first  time  in 
1754.  Prior  to  this  time  the  French  horn  and  trumpet  had  been  used  both  in  church 
services  and  “ in  the  harvest  field  on  the  opening  of  the  joyous  season  of  ingathering ; 
on  the  the  streets  of  the  village  in  the  early  hours  of  Easter  morning,  and  from  the 
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flat  roof  of  the  Single  Brethren’s  House  to  announce  the  departure  of  souls  to  the 
eternal  world.”  It  is  supposed  that  the  sachbut  mentioned  in  the  Psalms  of  David 
was  the  prototype  of  the  present  trombone. 

The  word  trom-bo-ne  comes  from  the  Italian,  and  means  a large  trump.  The  Mor- 
avian trombones  were  blown  on  the  anniversary  of  the  birth  of  King  George  II.  On 
early  Easter  morning  the  trombones  begin  at  about  three  o’clock  and  play  at  the  cor- 
ners of  the  principal  streets.  A service  in  the  church  is  held,  and  just  after  service 
the  congregation  marches  into  the  cemetery,  to  the  eastern  end,  headed  by  the  trom- 
bone choir,  which  is  much  larger  on  Easter  morning  than  usual.  At  the  rising  of  the 
sun  the  immense  crowd  of  people  disbands. 

1 17  HAT  curious  and  odd  things  inhabit  this  section  of  Pennsylvania.  The  country 
’ ' has  been  so  long  settled  that  all  the  rubbish  and  litter  of  years  has  accumulated 
and  can  be  seen  by  one  who  observes.  The  original  Pennsylvania  Dutchman  has  been 
father  to  many  odd  customs,  and  has  left  marks  of  his  oddity  in  the  numerous  signs, 
guide  posts,  and  toll  bridges  with  which  he  has  adorned  the  country.  Every  farmer 
who  is  supposed  to  be  somebody  boasts  of  a neatly  painted  sign  nailed  to  the  gate, 
“ Beware  of  the  dog,”  “ This  house  for  sail"  or  “ Five  hundred  dollars  fine  for  tres- 
passing on  these  premises.”  A sign  on  a bridge  at  Coplay  warns  people  not  to  smoke 
on  the  bridge  or  to  carry  fire  across  it  in  an  open  vessel.  The  same  sign  forbids  the 
driving  of  more  than  a certain  number  of  hornet  cattle  across  the  bridge  at  one  time. 
It  can  only  be  surmised  that  hornet  cattle  were  unpopular  on  account  of  their  stings  and 
were  exterminated.  A road  running  northward  from  Bethlehem  has  a branch  road  run- 
ning westward  to  Catasauqua  at  every  mile.  One  may  drive  along  the  north  road  all 
afternoon  and  will  find  that  the  guide  boards  at  all  the  branch  roads  read,  “ Cata- 
sauqua 7 miles.”  The  toll  bridges  are  noted  for  that  famous  old  legend,  “ No  credit 
for  tolls.”  Many  a tramp  has  been  prevented  from  pursuing  his  gentlemanly  career 
by  just  such  a sign. 

Originally,  the  toll  bridge  at  Freemansburg,  now  free,  was  owned  by  two  women 
They  never  slept,  and  woe  to  the  person  who  attempted  to  cheat  the  argus-eyed 
spinsters  out  of  a cent.  Their  cries  and  shrieks  of  rage  and  agony  pursued  him  to 
his  dying  day.  The  days  of  toll  bridges  are  numbered  and  will  soon  become  part  of 
the  past.  Made  of  wood,  boarded  over  the  top,  and  in  many  cases  the  sides  enclosed, 
unpainted,  shaky,  and  so  lonely  at  night,  they  will  soon  be  a mere  memory. 

TN  the  good  old  days  of  medical  college  life,  when  the  students  had  to  plunder  the 

adjoining  cemeteries  for  subjects,  there  lived  a famous  surgeon  who  was  a practical 
joker.  Passing  along  a quiet  street  late  one  night,  he  noticed  a horse  and  carriage 
tied  in  front  of  a tavern.  Sitting  on  the  seat,  holding  the  lines,  was  a very  stiff  and 
grave  individual,  who  seemed  to  be  almost  too  quiet.  On  closer  inspection  the  surgeon 
discovered  that  the  driver  was  a recent  resident  of  some  cemetery.  He  quietly  took 
the  subject  off  the  seat  and  laid  him  in  the  gutter  and,  getting  in,  arranged  himself  in 
the  same  manner  as  he  found  his  predecessor.  In  a few  moments  two  medical  stu- 
dents came  out  of  the  tavern  feeling  very  happy  over  their  recent  success.  They  got 
in,  one  on  either  side  of  their  driver,  and  started  for  the  college.  Very  gently  the 
surgeon  passed  one  arm  around  each  student  and  suddenly  gave  them  a quick  hug. 
With  a yell  that  would  have  startled  the  dead  they  gave  one  leap  from  the  moving 
carriage  and  put  for  home,  leaving  the  surgeon  much  as  he  expected  they  would. 


FOR  LEHIGH  MEN. 

This  column  will  contain,  chiefly,  such  information  in  regard  to  addresses  and  occupations  of  Alumni 
as  does  not  appear  in  the  latest  issue  of  the  Lehigh  Register.  Please  contribute. 

THE  SENIOR  CIVIL  TRIP. 

Thurday  afternoon,  March  31,  a party  of  Senior  Civils,  under  the  charge  of  Mr. 
^ Wilcox,  left  Bethlehem  for  a trip  to  Mauch  Chunk,  Athens,  Wilkes-Barre,  Hazle- 
ton, Drifton,  and  Stockton.  The  party  consisted  of  Messrs.  Asmussen,  Baird,  Cobb, 
Coleman,  Gjertsen,  Jiminez,  Maurice,  Millar,  Olney,  Rathbun,  and  Schneider.  A 
stop  of  an  hour  was  made  at  Mauch  Chunk,  giving  the  men  an  opportunity  to  see 
some  of  the  bridges,  and  study  the  wearing  of  the  rails  on  the  fourteen-degree  curve 
at  the  station. 

Athens  was  reached  at  10  P.M.,  Thursday  evening.  Early  the  next  morning  the 
drafting  rooms  of  the  Union  Bridge  Company  wrere  visited.  Nearly  an  hour  was 
spent  in  listening  to  explanations  and  in  discussing  the  drawings  of  bridges  in  process 
of  erection.  Afterward,  under  the  charge  of  Mr.  Wilson,  a slow  and  careful  inspec- 
tion was  made  of  the  immense  shops.  Particularly  interesting  was  the  process  of 
forging  heads  on  some  of  the  largest  eye  bars  that  have  ever  been  made.  From  the 
forging  shops  to  the  machine  shop,  where  the  pin-holes  in  the  eye  bars  are  cut  out 
and  then  reamed  to  the  proper  size ; from  there  to  the  larger  machine  shops,  where 
rivet  holes  were  being  drilled  and  shoes  planed ; then  to  the  immense  shop  where 
riveting,  punching,  shearing,  planing,  and  constructing  were  all  going  on  at  once; 
steam,  hydraulic,  and  pneumatic  riveters  were  seen  in  operation,  machines  for  planing 
the  ends  of  girders,  rows  of  drilling  machines,  massive  shears,  all  striving  to  produce 
the  bridge  that  had  existed  before  only  on  paper;  thence  to  the  yards,  where  the 
workmen  were  assembling  some  unsymmetrical  structure  that  had  no  two  floor  beams 
alike. 

Afterward  the  entire  party  proceeded  to  the  residence  of  Mr.  Maurice  of  the 
Bridge  Company,  where  a short  reception  was  held  by  Mrs.  Maurice,  followed  by  a 
very  dainty  luncheon.  Very  reluctantly  “ goodbyes were  said,  when  the  parly 
proceeded  to  the  testing  room  to  see  a special,  full-sized  test  of  an  eye  bar.  The 
testing  machine  having  a capacity  of  600  tons  seemed  capable  of  breaking  almos^ 
anything,  but  beside  it  lay  an  eye  bar  from  the  famous  Forth  Bridge  which  it  could  not 
master.  The  entire  party  tendered  to  Mr.  Wilson  their  hearty  thanks  for  the  more 
than  interesting  day  they  had  spent  with  him. 

Wilkes-Barre  was  reached  Friday  evening  and  early  on  Saturday  morning  pro- 
ceeded to  Drifton,  where  they  were  met  by  Mr.  Wagner,  ’85,  who  showed  and  care- 
fully explained,  by  drawing,  the  immense  iron  coal  breaker,  so  well  known  to  mining 
engineers.  The  breaker  was  inspected  from  top  to  bottom  and  many  new  and  inter- 
esting things  were  seen  by  the  civil  engineers. 

A short  walk  brought  them  to  Mr.  Eckley  B.  Coxe’s  library,  containing  the  library 
of  Weisbach,  the  famous  German  experimenter.  The  laboratories  were  next  visited 
and  at  10.30  the  party  left  for  Hazleton,  after  having  visited  Mr.  Coxe  for  a few 
moments. 
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At  Hazleton  Mr.  L.  Emmerich,  ’82,  took  the  party  out  to  Stockton  to  visit  a famous 
coal  stripping.  After  explaining  the  lay  of  the  coal  measures  and  the  general  plan  of  the 
workings,  Mr.  Emmerich  conducted  them  into  the  mines,  where  the  process  of  coal 
mining  was  well  shown. 

From  Stockton  the  party  walked  to  a small  station  called  Lumber  Yard,  where  a 
train  was  taken,  reaching  Bethlehem  at  8.20  P.M.,  ending  the  most  instructive  and 
delightful  trip  ever  taken  by  Lehigh  men.  It  is  desired  in  this  crude  way  to  thank 
those  who  did  so  much  to  make  the  trip  one  long  to  be  remembered,  and  to  show  them 
that  the  memory  of  it  all  is  still  fresh  in  their  minds. 
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